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From the early years of aviation, flying cars have constituted an appealing topic for science-fiction 35 
scenarios.  Currently, recent technological developments demonstrate that flying cars will be 36 
introduced in the traffic fleet over the next few years.  Despite their forthcoming penetration in the 37 
automobile market, the level of anticipated acceptance from the traveling population has not been 38 
investigated yet in travel demand literature.  This study aims – for the first time to the authors’ 39 
knowledge – to provide a preliminary investigation of individuals’ perceptions and expectations 40 
towards the adoption of flying cars.  For this purpose, 692 individuals were questioned in the 41 
context of an online survey about their willingness to pay for and willingness to use flying cars for 42 
various pricing and trip scenarios, as well as about the benefits and concerns that will arise from 43 
the introduction of flying cars in the traffic fleet.  To understand the determinants of individuals’ 44 
expectations, their willingness to pay for and use flying cars was statistically modeled, by 45 
employing a grouped random parameters bivariate probit framework, which accounts for multiple 46 
layers of unobserved heterogeneity in the respondent’s decision-making process.  The statistical 47 
analysis revealed that various individual-specific socio-demographic, behavioral and driving 48 
attributes, as well as individuals’ attitudinal perspectives towards the cost, safety, security and 49 
environmental implications of the flying cars, affect their willingness to adopt this emerging 50 
transportation technology.  Despite the current limited awareness about the operation of flying 51 
cars, the findings of this study can provide insights regarding critical challenges that should be 52 
addressed by policymakers, legislative companies, and manufacturing companies after the 53 
introduction of flying cars in the traffic fleet. 54 
Keywords: Flying cars; Willingness to pay; Willingness to use; Grouped random parameters; 55 
Bivariate probit models. 56 
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1. INTRODUCTION 57 
The steady expansion of the transportation infrastructure aims to accommodate the 58 
constantly growing traffic volumes, but at the same time, induces new challenges arising from 59 
individuals’ desire for safe, reliable, affordable and sustainable mobility.  Addressing such 60 
transportation challenges in combination with rapid advances in automobile technology has led to 61 
the emergence of advanced transportation technologies and systems, such as, electric vehicles, 62 
shared mobility schemes, and automated transportation systems.  Electric vehicles provide 63 
environmentally friendly mobility by reducing vehicle-generated CO2 emissions (Egbue and Long, 64 
2012; Dias et al., 2017; Tischer et al., 2019), while the hybrid nature (public and private) of the 65 
mobility service provided by the carsharing or ridesharing systems has the potential to alleviate 66 
traffic congestion (Shaheen et al., 2006; Kopp et al., 2015).  The various levels of vehicle 67 
automation, ranging from vehicle-specific advanced driver assistance systems (ADAS) to the 68 
forthcoming self-driving autonomous vehicles, are expected to significantly modify traffic patterns 69 
as well as commuters’ driving habits (Shin et al., 2015; Bansal et al., 2016; Fagnant and 70 
Kockelman, 2018).  Even though the fully autonomous and connected vehicles have not been 71 
introduced in the traffic fleet yet, a growing amount of current research focuses on the anticipated 72 
consumer acceptance, as reflected by travelers’ perceptions, concerns and expectations (Kyriakidis 73 
et al., 2015; Bansal et al., 2016; Fagnant and Kockelman, 2018).   74 
Over the last few decades, a growing amount of research has focused on emerging 75 
technologies for aircraft and aerospace systems (Wendel et al., 2006; Cacan et al., 2015; Puente et 76 
al., 2018) and, specifically, on Unmanned Aerial Vehicles (Fabiani et al., 2007; Kontogiannis and 77 
Ekaterinaris, 2013; Sazdovski et al., 2015; Ramasamy et al., 2016; Panagiotou et al., 2016; Goh et 78 
al., 2017; Yu et al., 2017; Tyan et al., 2017; Hu et al., 2018; Oh and Kim, 2018; Dai et al., 2018; 79 
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Saderla et al., 2018l; Liu et al., 2018; Mir et al., 2018; Wu et al., 2018; Jia et al., 2018; Radmanesh 80 
et al., 2018).  Even though this type of aerial vehicles is primarily used for freight deliveries or 81 
military purposes, recent advances in automotive technology (Trancossi et al., 2017; Sudirja and 82 
Adhitya, 2018) have paved the way for the forthcoming penetration of an emerging transportation 83 
technology that further enhances automation and connectivity in urban mobility patterns without 84 
a priori requiring the concurrent interaction with the other components of the conventional 85 
transportation networks.  Specifically, a new generation of vehicles that can simultaneously 86 
accommodate ground and air transportation, namely the flying cars, aim to provide automated or 87 
semi-automated transportation either in a private or shared mobility context (Eker et al, 2019; Eker 88 
et al., 2020).  Recent developments show that the flying cars will be available in the automotive 89 
market until 2025 (Becker, 2017; Oppitz and Tomsu, 2018).  Interestingly, Terrafugia, has already 90 
developed a flying car prototype and intends to commercialize a personal aircraft-flying car by 91 
2023.  Through the Uber Elevate project, Uber is currently developing an on-demand, aerial taxi 92 
service that will be operated through electrical aircrafts with vertical take-off and landing 93 
capabilities and will be price-competitive to the current on-demand ground transportation service 94 
(Uber Elevate, 2016; Siebenmark, 2019.  Several other manufacturing companies have also 95 
disclosed their intention to launch flying cars in the automotive market, such as, Airbus, Cora, 96 
Ehang184, Lilium, Workhorse and Volocopter.   97 
According to the technical specifications provided by various designers, flying cars have 98 
the potential to provide hybrid operation in two spatial dimensions: (i) on the existing surface 99 
transportation network, since they can operate as conventional cars with automated or semi-100 
automated capabilities; and (ii) in the air, since they can operate as private/shared aircrafts with 101 
travel range up to 500 miles and cruise speed ranging from 100 to 200 mph.  With regard to the 102 
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flying operations, flying cars will take off and land vertically; to that end, runways are not 103 
necessarily required for their aforementioned operations, since clearance zones of at least 100 feet 104 
(in diameter) are adequate for safe take-off and landing operations.  With regard to their passenger 105 
capacity, flying cars will accommodate from two to four passengers, including the operator who 106 
should be appropriately trained and certified with a pilot’s license.  As far as their technical 107 
operation is concerned, the flying car engine will be fully electric or will operate on premium 108 
unleaded automotive gasoline, while the navigation will be conducted on the basis of 109 
automated/self-driving features.  Flying cars will be also equipped with all modern automotive 110 
safety and crash avoidance features, rear-view cameras as well as with a full vehicle parachute.  111 
Regarding their pricing characteristics, it is anticipated that a typical flying car will be priced as a 112 
high-end luxury car, with predicted prices ranging from $100,000 to $500,000.   113 
The inclusion of the third spatial dimension into the urban mobility patterns is expected to 114 
have considerable appeal, especially in terms of its effect on travel time, reliability, safety and 115 
comfort.  The non-involvement of flying cars in the congestion mechanisms of the ground 116 
transportation systems will likely decrease travel times and will possibly alleviate the congestion 117 
of the conventional transportation networks.  Specifically, due to their automated navigation 118 
capabilities, the shortest air path between trip origin and destination will be leveraged, resulting in 119 
lower and more reliable travel times.  Since the flying cars network will be deployed in the airspace 120 
and their ground operation will not differ from the conventional vehicles’ operation, construction 121 
of major infrastructure elements (such as, highways, bridges, tunnels or runways) will not be 122 
required.  Interestingly, according to the current developments, rooftops of multi-level buildings 123 
(such as, skyscrapers or parking garages), existing helipads and unused land parcels in the vicinity 124 
of highways are likely to serve as take-off/landing facilities.  Such origin-destination flexibility is 125 
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also expected to facilitate the mobility patterns of commuter groups with limited accessibility in 126 
the conventional transportation systems, such as elderly commuters or non-drivers.  However, the 127 
emergence of such a revolutionary transportation mode will also bring to the surface significant 128 
challenges that may critically affect their adoption by the commuting population.  Specifically, the 129 
acquisition, operation and maintenance cost of flying cars may constitute key factors of concern, 130 
especially from the perspective of potential travelers.  In addition, security, safety, privacy and 131 
environmental issues as well as the absence of  policy and regulatory frameworks may introduce 132 
additional barriers to the successful deployment of flying cars. 133 
All these technological advancements imply that the emergence of flying cars is not 134 
anymore a science-fiction script, but, potentially, a reality in the near future.  Over the last few 135 
years, various stakeholders have been contributing to the development of a new mobility concept, 136 
i.e., the urban air mobility (UAM), which aims to provide ubiquitous transportation for passengers 137 
and goods in urban settings by extensively exploiting the airspace (Thipphavong et al., 2018; 138 
Vascik et al., 2018; Unmanned Airspace, 2018).  Through the Urban Air Mobility Grand 139 
Challenge, NASA focuses on identifying the appropriate technological, legislative, and policy 140 
provisions that will allow for a smooth integration of UAM with the existing surface and air 141 
transport systems (NASA 2017, 2018a; 2018b).  Despite all the global initiatives, the impact of 142 
flying cars on the future mobility systems, in terms of acceptance and adoption by the commuting 143 
population is still uncertain.  Such uncertainty is further enhanced by the limited awareness of 144 
travelers, especially with regard to flying cars’ capabilities and features.  Under these uncertain 145 
circumstances, the establishment of a regulating policy framework for their operation as well as 146 
the future trajectory of manufacturing investments are highly dependent on the degree of short- 147 
and long-term demand for this new transportation technology.  Currently, an assessment of the 148 
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future demand can be derived from the pre-roll-out willingness of travelers to adopt this new 149 
technology, with the understanding of such demand dimension having critical implications on the 150 
policy decisions of manufacturing companies, policymakers, and legislative entities (Palm and 151 
Handy, 2018). 152 
To shed more light on the key components that are likely to determine the demand for 153 
flying cars, this study provides a preliminary, exploratory investigation of individuals’ perceptions 154 
and expectations towards the adoption of flying cars.  Specifically, an online survey was designed 155 
and disseminated to obtain individuals’ attitudinal perspectives with respect to two fundamental 156 
aspects of demand for flying cars: willingness to pay for and willingness to use flying cars.  To 157 
identify the key determinants of individuals’ willingness to pay for and use flying cars, and at the 158 
same time, to control for their socio-demographic and behavioral background, discrete outcome 159 
statistical models are estimated using the survey data.  Specifically, the grouped random 160 
parameters bivariate probit econometric framework is employed, which allows the simultaneous 161 
modeling of pairs of willingness-to-pay and willingness-to-use scenarios, and accounts for 162 
significant statistical modeling issues, namely, unobserved heterogeneity, unbalanced panel 163 
effects, and cross-equation error term correlation.  These issues may arise from the presence of 164 
systematic unobserved variations among the individuals’ perceptions.   165 
 166 
2. SURVEY DESIGN AND DATA OVERVIEW 167 
The online survey was designed on SurveyMonkey (a web-based survey platform) and 168 
disseminated through 35 students and employees at the University at Buffalo.  The survey was 169 
conducted during March 2017 and the 35 survey collectors gathered socio-demographic, 170 
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behavioral and attitudinal information from 692 survey respondents.  With regard to the socio-171 
demographic background of the respondents, 60% of the sample consists of male respondents (the 172 
remaining 40% of the sample consists of female respondents), with 72% of the respondents having 173 
earned a Bachelor’s or a Postgraduate degree.  The average respondent age is approximately 30 174 
years old, while  the median annual household income of the respondents ranges from $50,000 to 175 
$75,000, which is consistent with the median household income of United States ($59,039) in 2016 176 
(Semega et al., 2017).  Regarding the ethnicity characteristics of the sample, 23% of the 177 
respondents are Asian, 57% are Caucasian/White, and the remaining 20% of the sample reflects 178 
respondents of other origins (e.g., African American, American Indian, and Hispanic).  The 179 
information about the country of residence of the respondents was extracted through the Internet 180 
Protocols (IP) of the online surveys; specifically, 583 surveys were found to be responded in 181 
United States, 50 in India, and the remaining 59 surveys were conducted in seventeen different 182 
countries worldwide.1  183 
The survey questionnaire was composed of three distinct sections.  In the first survey 184 
section, a detailed description of a typical flying car model was provided along with a video session 185 
and representative images that could enable respondents to be familiarized with the operations and 186 
the features of the new transportation mode.  Specifically, technical details about operations on the 187 
ground and in the air were provided (e.g., take-off and landing requirements, cruise speed and 188 
range, weight requirements, technical specifications, etc.) along with information about the 189 
expected prices and safety features of the flying cars.  To capture awareness regarding automated 190 
vehicles technologies and advanced driver assistant systems (ADAS), respondents were asked 191 
 
1 These seventeen countries include Australia, Canada, Dominican Republic, Greece, Iran, Nepal, New Zealand, 




about their level of familiarity with various emerging vehicle features, such as emergency 192 
automatic braking, lane keeping assistant/lane centering, adaptive cruise control, left turn assist, 193 
adaptive headlights, and blind spot monitoring.  Respondents were also asked whether they have 194 
ever owned a car with any of the aforementioned vehicle features.   195 
In the second survey section, respondents were questioned about their expectations and 196 
perceptions towards the adoption of the flying cars.  Specifically, they were asked about their 197 
willingness to buy a flying car, for 5 different pricing scenarios ($100,000; $150,000; $200,000; 198 
$250,000; and $300,000 or more).  Furthermore, respondents were asked about their willingness 199 
to use flying cars for several trip scenarios.  The latter were specified in terms of: (i) trip purpose 200 
(traveling to work, traveling to education activities, traveling to short-term shopping activities, 201 
traveling to long-term shopping activities, and traveling to entertainment- or sports-related 202 
activities); (ii) trip distance (short-, medium, long-, and very long- distance trips); and (iii) time-203 
of-the-day for the trip (morning, afternoon, evening, and night trips).  Table 1 provides all the 204 
pricing and trip scenarios that were incorporated in the questions relating to respondents’ 205 
willingness to pay for and willingness to use a flying car, as well as some key statistics on the 206 
distribution of the survey responses.   207 
Another set of questions focused on the respondents’ level of concern about various potential 208 
issues that may arise from the introduction of flying cars (e.g., safety consequences of 209 
equipment/system failure, interaction with other flying cars or vessels on the airway, ease of access 210 
to take-off/landing facilities, flying car performance in poor weather, and security against 211 
hackers/terrorists).  In similar fashion, respondents were surveyed about their opinions on possible 212 
benefits of flying cars in traffic safety and travel characteristics (e.g., fewer crashes on the 213 
roadway, lower travel time to destination, more reliable travel time to destination, and more in-214 
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vehicle non-driving activities).  Subsequently, travelers were asked about their expectations to 215 
relocate to another area (e.g., city center, urban area, suburban area, or rural area) after the 216 
introduction of flying cars.  The second survey section also included questions about respondents’ 217 
opinions on the effectiveness of various suggested measures that can potentially address security 218 
issues that may arise after the introduction of flying cars (e.g., use of existing FAA regulations for 219 
air traffic control, profiling of the flying car operators, establishment of no-fly zones in sensitive 220 
areas, and air-road police enforcement).  It should be noted that all the questions included in the 221 
second survey section were expressed on a 4-point Likert scale with the respondents rating the 222 
likelihood of the question statement as “very unlikely”, “somewhat unlikely”, “somewhat likely” 223 
or “very likely”.   224 
The third survey section included questions about the demographic and socio-economic 225 
background (e.g., gender, age, ethnicity, marital status, level of education, and household annual 226 
income) of the respondents, as well as about their driving experience and behavioral patterns (e.g., 227 
driving speed in different speed limit scenarios, driving behavior in the presence of a traffic signal, 228 
accident history, and annual vehicle miles traveled).  The respondent-specific information of the 229 
third survey section was collected either through open-ended or multiple-choice questions.  Given 230 




Table 1 Distribution of willingness-to-pay and willingness-to-use responses across the survey 233 
respondents 234 
Dependent variables Overall unlikelya 
Overall 
likelyb 
Willingness to buy a flying car, if it is priced as   
About $100,000 57.41% 42.59% 
About $150,000 73.69% 26.31% 
About $200,000 86.62% 13.37% 
About $300,000 or more 92.71% 7.29% 
Willingness to use a flying car for   
Traveling to work  54.82% 45.18% 
Traveling to education activities 59.49% 40.51% 
Traveling to entertainment/sports activities 50.87% 49.13% 
Traveling to short-term shopping activities 62.29% 37.72% 
Traveling to long-term shopping activities 48.89% 51.11% 
Making trips from/to the city center (downtown)  56.99% 43.01% 
Making short distance trips (less than 50 miles) 58.15% 41.85% 
Making medium distance trips (50-100 miles) 40.00% 60.00% 
Making long distance trips (100-300 miles) 32.17% 67.83% 
Making very long distance trips (greater than 300 miles) 31.17% 68.83% 
Making morning trips (6 AM to 12 PM) 44.06% 55.94% 
Making afternoon trips (12 PM to 6 PM) 43.97% 56.03% 
Making evening trips (6 PM to 12 AM) 46.76% 53.25% 
Making night trips (12 AM to 6 AM) 51.51% 48.49% 
a The percentage corresponding to the “overall unlikely” includes the respondents who chose the “very unlikely” or 235 
“somewhat unlikely” survey response.  236 
b The percentage corresponding to the “overall likely” includes the respondents who chose the “somewhat likely” or 237 




Table 2 Descriptive statistics of key variables 240 
Variable Description Mean Std. Dev. Min. Max. 
Socio-demographic characteristics     
Gender indicator (1 if the respondent is female, 0 
otherwise) 0.398 - 0 1 
Gender indicator (1 if the respondent is male, 0 otherwise) 0.596 - 0 1 
Marital status indicator (1 if the respondent is single, 0 
otherwise) 0.691 - 0 1 
Age of the respondent 30.432 12.729 16 94 
Square root of the age of the respondent 5.417 1.045 4 9.7 
Age indicator (1 if the respondent is younger than 30, 0 
otherwise) 0.707 - 0 1 
Age indicator (1 if the respondent is older than 40, 0 
otherwise) 0.199 - 0 1 
Current living area indicator (1 if the respondent lives in 
suburban area, 0 otherwise) 0.444 - 0 1 
Ethnicity indicator (1 if the respondent is Asian, 0 
otherwise) 0.226 - 0 1 
Education level indicator (1 if respondent’s highest level 
of education includes a high school diploma or partial 
attendance of high school, 0 otherwise) 
0.225 - 0 1 
Education indicator (1 if respondent’s highest education 
level includes a high school diploma or a technical 
college degree, 0 otherwise) 
0.269 - 0 1 
Education indicator (1 if respondent’s highest education 
level includes a college degree or a post graduate 
degree, 0 otherwise) 
0.720 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $10,000 and $30,000, 0 otherwise) 0.122 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $20,000 and $40,000, 0 otherwise) 0.123 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $20,000 and $50,000, 0 otherwise) 0.193 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $30,000 and $50,000, 0 otherwise) 0.130 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $30,000 and $75,000, 0 otherwise) 0.290 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $10,000 and $40,000, 0 otherwise) 0.662 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $40,000 and $75,000, 0 otherwise) 0.230 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $75,000 and $100,000, 0 otherwise) 0.148 - 0 1 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $100,000, 0 otherwise) 0.308 - 0 1 
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Variable Description Mean Std. Dev. Min. Max. 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $150,000, 0 otherwise) 0.492 - 0 1 
Working household members indicator (1 if the 
respondent is the only household member who works 
outside the home, 0 otherwise) 
0.110 0.314 0 1 
Opinions and Preferences     
Vehicle safety features indicator (1 if the respondent never 
owned a car with an advanced safety feature, 0 
otherwise) 
0.459 - 0 1 
Vehicle safety features indicator (1 if the respondent is not 
familiar with advanced safety features, 0 otherwise) 0.139 - 0 1 
Driving speed indicator (1 if the respondent normally 
drives faster than 70 mph on an interstate with a 65 mph 
speed limit and little traffic, 0 otherwise) 
0.477 - 0 1 
Speed limit opinion indicator (1 if the respondent 
disagrees or completely disagrees with the statement: 
“Speed limits on high speed freeways should only be 
suggestive”, 0 otherwise) 
0.298 - 0 1 
Speed limit opinion indicator (1 if the respondent agrees 
or completely agrees with the statement: “Speed limits 
on high speed freeways should only be suggestive”, 0 
otherwise) 
0.311 - 0 1 
Driver preference indicator (1 if the respondent generally 
prefers to drive herself/himself when there are more than 
two licensed drivers in a vehicle on a trip, 0 otherwise) 
0.454 - 0 1 
Accident history indicator (1 if the respondent has had at 
least one non-severe or severe accident in the last 5 
years, 0 otherwise) 
0.327 - 0 1 
Square root of annual mileage driven 89.491 50.191 0 223.6 
Annual mileage indicator (1 if the respondent annually 
drives less than 5,000 miles, 0 otherwise) 0.305 - 0 1 
Annual mileage indicator (1 if the respondent annually 
drives more than 15,000 miles, 0 otherwise) 0.185 - 0 1 
Annual mileage indicator (1 if the respondent drives more 
than 20,000 miles per year, 0 otherwise) 0.092 - 0 1 
Cost concern indicator (1 if the respondent is very 
concerned about the purchase cost of a flying car, 
compared to a conventional vehicle, 0 otherwise) 
0.515 - 0 1 
Cost concern indicator (1 if the respondent is moderately 
or very concerned about the purchase cost of a flying 
car, compared to a conventional vehicle, 0 otherwise) 
0.808 - 0 1 
Safety concern indicator (1 if the respondent is very 
concerned about accidents on the airway with the 
introduction of flying cars, 0 otherwise) 
0.557 - 0 1 
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Variable Description Mean Std. Dev. Min. Max. 
Operation concern indicator (1 if the respondent is 
moderately or very concerned about learning to 
operate/use a flying car with the introduction of flying 
cars, 0 otherwise) 
0.660 - 0 1 
Driving joy concern indicator (1 if the respondent is 
moderately or very concerned about loss of driving joy 
with the introduction of flying cars, 0 otherwise) 
0.440 - 0 1 
Safety benefit indicator (1 if the respondent thinks that 
fewer crashes are somewhat or very likely to occur on 
the roadway with the introduction of flying cars, 0 
otherwise) 
0.660 - 0 1 
Travel time benefit indicator (1 if the respondent thinks 
that more reliable travel time to destination is somewhat 
or very likely to occur with the introduction of flying 
cars, 0 otherwise) 
0.791 - 0 1 
Cost benefit indicator (1 if the respondent thinks that 
lower fuel expenses are somewhat or very unlikely to 
occur with the introduction of flying cars, 0 otherwise) 
0.708 - 0 1 
Cost benefit indicator (1 if the respondent thinks that 
lower vehicle maintenance expenses are somewhat or 
very unlikely to occur with the introduction of flying 
cars, 0 otherwise) 
0.737 - 0 1 
Cost benefit indicator (1 if the respondent believes that 
lower insurance rates are very unlikely to occur with the 
introduction of flying cars, 0 otherwise) 
0.494 - 0 1 
Cost benefit indicator (1 if the respondent thinks that 
lower insurance rates are somewhat or very unlikely to 
occur with the introduction of flying cars, 0 otherwise)  
0.767 - 0 1 
Cost benefit indicator (1 if the respondent thinks that 
lower insurance rates are somewhat or very likely to 
occur with the introduction of flying cars, 0 otherwise)  
0.233 - 0 1 
Environmental benefit indicator (1 if the respondent 
thinks that lower CO2 emissions are very unlikely to 
occur with the introduction of flying cars, 0 otherwise) 
0.320 - 0 1 
Environmental benefit indicator (1 if the respondent 
thinks that lower CO2 emissions are somewhat or very 
unlikely to occur with the introduction of flying cars, 0 
otherwise) 
0.646 - 0 1 
Trip purpose indicator (1 if the respondent is somewhat or 
very unlikely to use flying cars for traveling to 
entertainment/sports activities, 0 otherwise) 
0.509 - 0 1 
Trip purpose indicator (1 if the respondent is somewhat or 
very likely to use flying cars for traveling to 
entertainment/sports activities, 0 otherwise) 
0.491 - 0 1 
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Variable Description Mean Std. Dev. Min. Max. 
Relocation indicator (1 if the respondent is somewhat or 
very likely to relocate to an urban area – but outside the 
city center – with the introduction of flying cars, 0 
otherwise) 
0.352 - 0 1 
Security measure indicator (1 if the respondent thinks that 
using existing FAA regulations for air traffic control is 
somewhat or very likely improve security against 
hackers/terrorists, 0 otherwise) 
0.607 - 0 1 
Security measure indicator (1 if the respondent thinks that 
establishing air-road police enforcement – with flying 
police cars – is somewhat or very likely to improve 
security against hackers/terrorists, 0 otherwise) 
0.701 - 0 1 
Security measure indicator (1 if the respondent thinks that 
detailed profiling and background checking of flying car 
owners/operators is somewhat  or very likely to improve 
security against hackers/terrorists, 0 otherwise) 
0.744 - 0 1 
Security measure indicator (1 if the respondent thinks that 
establishing no-fly zones for flying cars near sensitive 
locations – such as, military bases, power/energy plants, 
governmental buildings, major transportation hubs, etc. 
– is somewhat or very likely to improve security against 
hackers/terrorists, 0 otherwise) 




3. METHODOLOGICAL APPROACH 242 
To shed more light on the decision-making mechanism of the travelers with regard to the 243 
future adoption of flying cars, the determinants of their willingness to pay for and use flying cars 244 
are investigated.  To that end, statistical models of respondents’ willingness to pay for various 245 
pricing scenarios, and willingness to use for various trip scenarios are estimated using the survey-246 
collected information.   247 
With regard to the willingness-to-pay models, the dependent variables are derived from the 248 
question “How likely is it for you to buy a flying car” for four different pricing scenarios 249 
($100,000; $150,000; $200,000; and $300,000 or more), with the answers indicating how likely is 250 
for the respondent to buy a flying car at the specified price.  From a statistical perspective, the 251 
factors that affect respondents’ willingness to pay may differ across the various pricing scenarios.  252 
Since the choice for each pricing scenario is made by the same respondent, the consideration of 253 
relatively lower and higher pricing scenarios may also lead to the presence of commonly shared 254 
unobserved characteristics, especially across the cases that comprise the lower (e.g., $100,000, and 255 
$150,0000) and the higher (e.g., $200,000, and $300,000 or more) pricing scenarios.   256 
In a similar fashion, the dependent variables for the willingness-to-use models are derived 257 
from the survey question “How likely is it for you to use flying cars” for various trip purpose, trip 258 
distance, and time-of-the-day scenarios.  Five trip purpose scenarios were considered in the 259 
analysis: (1) Traveling to work; (2) Traveling to education activities; (3) Traveling to 260 
entertainment/sports activities; (4) Traveling to short-term shopping activities; an (5) Traveling to 261 
long-term shopping activities.  The trip distance scenarios used for the willingness-to-use models 262 
are the following: (1) Trips from/to the city center (downtown); (2) Short distance trips (less than 263 
50 miles); (3) Medium distance trips (50-100 miles); (4) Long distance trips (100-300 miles); and 264 
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(5) Very long distance trips (greater than 300 miles).  With regard to the time-of-the-day, four 265 
scenarios were considered: (1) Morning trips (6 AM to 12 PM); (2) Afternoon trips (12 PM to 6 266 
PM); (3) Evening trips (6 PM to 12 AM); and (4) Night trips (12 AM to 6 AM).  Another source 267 
of common unobserved variations may arise from the nature of the ordinal answers in the Likert-268 
style questions focusing on respondents’ willingness to pay for and willingness to use a flying car.  269 
Specifically, answers that reflect either positive or negative perspectives of the respondents 270 
towards the question statement may share similar or same unobserved variations.  To capture such 271 
commonly shared unobserved characteristics in a computationally manageable manner, the “very 272 
unlikely” and “somewhat unlikely” responses as well as the “somewhat likely” and “very likely” 273 
responses were aggregated, respectively, in two homogeneous, yet discrete outcomes, namely: (a) 274 
“overall unlikely”; and (b) “overall likely”.  Due to the aforementioned outcome aggregation, the 275 
binary outcome framework was employed for model estimation.2   276 
From a statistical perspective, the possible presence of same or similar unobserved 277 
characteristics among the scenario-specific responses may result in correlation of the error terms 278 
corresponding to the dependent variables reflecting willingness to pay for and use a flying car.  279 
Not accounting for such cross-equation error-term correlation may yield biased parameter 280 
estimates and inaccurate inferences (Washington et al., 2011; Russo et al., 2014; Anastasopoulos 281 
and Mannering, 2016; Anastasopoulos, 2016; Sarwar et al., 2017a; Sarwar et al., 2017b; Pantangi 282 
 
2  It should be noted that the joint modeling of all possible outcomes of the survey questions requires estimation of 
multivariate ordered probit/logit models.  Estimation of this class of models with simultaneous consideration of 
multiple layers of unobserved heterogeneity (i.e., unobserved heterogeneity across survey responses, unbalanced 
panel effects, and cross-equation error term correlation) is not computationally feasible yet – to the authors’ 
knowledge.  In addition, the main outcomes arising from the estimation of such models are not necessarily expected 
to differ significantly from the findings of the employed methodological approach, given that the parameter 
estimates of the ordered models provide the effect on two outcomes, and particularly on the highest and lowest 
ordered outcomes (i.e., the “very likely” and “very unlikely” outcomes).  Nevertheless, development of a 
computational framework that will allow the estimation of such class of models constitutes an important direction 
for further work.  
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et al., 2019; Fountas et al., 2020).  To that end, the survey responses for various willingness-to- 283 
pay and willingness-to-use scenarios are modeled simultaneously in the context of a bivariate 284 
probit framework.  The latter allows for the joint modeling of two interrelated dependent variables, 285 
accounting, at the same time, for their cross-equation error term correlation.  The bivariate probit 286 
model can be defined as (Sarwar et al., 2017a; Greene, 2017; Pantangi et al., 2019), 287 
 i,1 i,1 i,1 i,1 i,1 i,1 i,1
i,2 i,2 i,2 i,2 i,2 i,2 i,2
Y , y 1 if Y 0, and y 0 otherwise
Y , y 1 if Y 0, and y 0 otherwise
= + ε = > =





    (1) 288 











      
      
      
         (2) 290 
where, X is a vector of explanatory variables that affect respondents’ willingness to pay for and 291 
use a flying car, β is a vector of estimable parameters corresponding to X, y corresponds to integer 292 
binary outcome (zero or one for both dependent variables), ε is a normally distributed random error 293 
term (with mean equal to zero and variance equal to one), and ρ denotes the contemporaneous 294 
(cross-equation) correlation coefficient of the error terms.  The bivariate probit model and its log-295 
likelihood function are respectively defined as (Greene, 2017), 296 
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where Φ(.) is the cumulative distribution function of the bivariate normal distribution, and all other 300 
terms are as previously defined. 301 
Given that the survey data were collected by 35 collectors, common unobserved variations 302 
may be present within the group of survey responses gathered by each collector.  Specifically, due 303 
to the different number of surveys disseminated by each collector, the model formulation should 304 
account for unbalanced panel effects (Sarwar et al., 2017a; Fountas et al., 2018a; Fountas et al., 305 
2018b).  In addition, a fair amount of research in travel demand modeling and traffic safety 306 
(Mannering et al., 2016; Anastasopoulos et al., 2017; Fountas and Anastasopoulos, 2017; Zhu et 307 
al., 2017; Paleti and Balan, 2017; Benedyk and Peeta, 2018; Fountas et al., 2018c; Guo et al., 2018, 308 
2020; Fountas et al., 2019; Guo and Peeta, 2020) has shown that the effect of independent variables 309 
may vary across the observational units, due to unobserved heterogeneity (i.e., the effect of 310 
unobserved characteristics on respondents’ perceptions).  In order to address these two model 311 
misspecification issues, grouped random parameters are introduced in the estimation of the 312 
bivariate probit models (Wu et al., 2013; Sarwar et al., 2017a; Sarwar et al., 2018).  The grouped 313 
random parameters can be defined as (Washington et al., 2011; Sarwar et al., 2017a): 314 
= +j juβ β            (5) 315 
where, β denotes the vector of estimable parameters and uj represents a randomly distributed term 316 
for each collector j with mean zero and variance σ2.  Note that in this grouped random parameters 317 
setting, each β corresponds to a different data collector, instead of an individual respondent.  As 318 
opposed to the traditional random parameter scheme, this approach simultaneously accounts for 319 
unobserved factors that may vary systematically across the various collector-specific groups of 320 
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survey responses as well as for systematic variations within each collector-specific group of survey 321 
responses. 322 
For the estimation of the grouped random parameters bivariate probit models, a simulated 323 
maximum likelihood estimation approach was employed.  To optimize the efficiency of the 324 
required numerical simulations, Halton draws were used (Halton, 1960).  As opposed to earlier 325 
research that has shown that 200 Halton draws provide adequate numerical integrations for model 326 
estimation (Train, 2003; Bhat, 2003), 500 Halton draws were required herein for ensuring 327 
parameter stability (Anastasopoulos, 2016; Fountas and Anastasopoulos, 2017).   328 
To provide deeper insights into the implications of the determinants of individuals’ 329 
willingness to pay for and use a flying car, the averaged – across all observations – pseudo-330 
elasticities were calculated.  Pseudo-elasticities provide the effect on the dependent variable, due 331 
to a change in the value of an indicator variable from “0” to “1”, and can be computed as 332 
(Washington et al., 2011):  333 





   
= Φ = −Φ =   
   
       (6) 334 
where Φ(.) is the cumulative distribution function of the standard normal distribution and all other 335 
terms are as previously defined. 336 
 337 
4. ANALYSIS RESULTS AND DISCUSSION 338 
To identify which scenario-based responses of individuals share similar unobserved 339 
characteristics, multivariate binary probit models were initially estimated.  Using the results of the 340 
multivariate probit models, pairs of willingness-to-pay and willingness-to-use scenarios with 341 
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strong cross-equation error term correlation were identified.  The findings from the multivariate 342 
probit models verified the pairs of dependent variables, for which, commonly shared unobserved 343 
variations were intuitively anticipated.  Due to the estimation complexities of the multivariate 344 
probit models as well as their inherent limitations in accounting for unobserved heterogeneity, the 345 
aforementioned pairs of dependent variables are subsequently modeled using the grouped random 346 
parameters bivariate probit framework.  Tables 3 through 6 present the model estimation results 347 
and pseudo-elasticities for the willingness-to-pay models, whereas Tables 7 through 21 present the 348 
model estimation results and pseudo-elasticities for the willingness-to-use models.3  349 
For model estimation, all possible variables and variable interactions were examined, and 350 
only the variables that were found to be statistically significant at 0.90 level of confidence or 351 
greater were included in the model specifications.  In addition, the statistical models were 352 
estimated using sets of responses with complete information for all the explanatory variables 353 
included in the model specifications.  Given that different variable combinations may result in 354 
different numbers of responses with missing information, the number of responses used for model 355 
estimation varies across the models.  For the bivariate models, the statistical significance (with 356 
greater than 0.95 level of confidence) and the magnitude (with coefficient values being close to 1) 357 
of the cross-equation error term correlation strongly support the use of the bivariate modeling 358 
approach.  359 
 
3 Due to the relatively low cross-equation error term correlation between the variable reflecting willingness-to-use a 
flying car for entertainment or sport-related activities and the other trip purpose-specific variables, a univariate 
grouped random parameters binary probit model was estimated for the specific trip purpose. 
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Table 3 .Estimation results of the willingness-to-pay (WTP) model for pricing scenarios of 360 
$100,000 and $150,000 361 
Variables WTP for $100k WTP for $150k 
 Coeff. t-stat Coeff. t-stat 
Constant - - 0.569 1.68 
Socio-demographic characteristics   
Age of the respondent -0.014 -2.44 -0.035 -2.94 
Education indicator (1 if respondent’s highest education 
level includes a college degree or a post graduate degree, 0 
otherwise)  
-0.094 -0.67 - - 
Standard deviation of parameter distribution 0.169 2.64 - - 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $150,000, 0 otherwise) - - -0.212 -1.13 
Standard deviation of parameter distribution - - 0.406 3.77 
Opinions and Preferences   
Vehicle safety features indicator (1 if the respondent never 
owned a car with an advanced safety feature, 0 otherwise) -0.283 -1.80 -0.391 -2.14 
Annual mileage indicator (1 if the respondent drives more 
than 20,000 miles per year, 0 otherwise) - - 0.375 2.16 
Cost concern indicator (1 if the respondent is very concerned 
about the purchase cost of a flying car, compared to a 
conventional vehicle, 0 otherwise) 
-0.331 -1.84 -0.407 -2.61 
Safety benefit indicator (1 if the respondent thinks that fewer 
crashes on the roadway are somewhat or very likely to 
occur with the introduction of flying cars, 0 otherwise) 
0.552 5.04 - - 
Trip purpose indicator (1 if the respondent is somewhat or 
very unlikely to use flying cars for traveling to 
entertainment/sports activities, 0 otherwise) 
-0.342 -2.54 -0.644 -4.80 
Relocation indicator (1 if the respondent is somewhat or very 
likely to relocate to an urban area – but outside the city 
center – with the introduction of flying cars, 0 otherwise) 
0.952 6.15 0.835 4.80 
Cross equation correlation 0.968 28.78 
Number of survey collectors 35 
Number of respondents 514 
Log-likelihood at convergence -413.71 
Log-likelihood at zero -678.66 
Akaike information criterion (AIC) 863.4 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Education indicator (1 if respondent’s highest education 
level includes a college degree or a post graduate degree, 0 
otherwise) 
28.90% 71.10% 
Income indicator (1 if the respondent’s annual household 




Table 4. Pseudo-elasticities (averaged over all observations) of the willingness-to-pay (WTP) 363 
model for pricing scenarios of $100,000 and $150,000 364 
Variables WTP for $100k WTP for $150k 
Socio-demographic characteristics   
Age of the respondent -0.001 -0.002 
Education indicator (1 if respondent’s highest education 
level includes a college degree or a post graduate degree, 
0 otherwise) 
-0.029 - 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $150,000, 0 otherwise) - -0.050 
Opinions and Preferences   
Vehicle safety features indicator (1 if the respondent never 
owned a car with emergency automatic braking, lane 
keeping assist/lane centering, adaptive cruise control, left 
turn assist, adaptive headlights or blind-spot monitoring, 
0 otherwise) 
-0.089 -0.093 
Annual mileage indicator (1 if the respondent drives more 
than 20,000 miles per year, 0 otherwise) - 0.095 
Cost concern indicator (1 if the respondent is very 
concerned about the purchase cost of a flying car, 
compared to a conventional vehicle, 0 otherwise) 
-0.104 -0.096 
Safety benefit indicator (1 if the respondent thinks that 
fewer crashes on the roadway are somewhat or very 
likely to occur with the introduction of flying cars, 0 
otherwise)  
0.173 - 
Trip purpose indicator (1 if the respondent is somewhat or 
very unlikely to use flying cars for traveling to 
entertainment/sports activities, 0 otherwise) 
-0.111 -0.155 
Relocation indicator (1 if the respondent is somewhat or 
very likely to relocate to an urban area – but outside the 






Table 5 Estimation results of the willingness-to-pay (WTP) model for pricing scenarios of 366 
$200,000 and $300,000 or more 367 
Variables WTP for  $200k 
WTP for 
$300k or more 
 Coeff. t-stat Coeff. t-stat 
Socio-demographic characteristics   
Gender indicator (1 if the respondent is female, 0 otherwise) -0.327 -1.87 - - 
Standard deviation of parameter distribution 0.680 5.14 - - 
Age of the respondent -0.033 -3.24 -0.040 -4.87 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  - - 0.513 3.41 
Education indicator (1 if respondent’s highest education 
level includes a high school diploma or a technical college 
degree, 0 otherwise) 
- - 0.328 2.15 
Standard deviation of parameter distribution - - 0.439 3.2 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $100,000, 0 otherwise) - - -0.697 -2.57 
Standard deviation of parameter distribution - - 0.875 3.52 
Opinions and Preferences   
Vehicle safety features indicator (1 if the respondent never 
owned a car with an advanced safety feature, 0 otherwise) -0.460 -2.71 - - 
Cost concern indicator (1 if the respondent is moderately or 
very concerned about the purchase cost of a flying car, 
compared to a conventional vehicle, 0 otherwise) 
-0.392 -2.27 - - 
Cost benefit indicator (1 if the respondent thinks that lower 
insurance rates are somewhat or very unlikely to occur 
with the introduction of flying cars, 0 otherwise)  
-0.491 -2.16 -1.015 -3.93 
Trip purpose indicator (1 if the respondent is somewhat or 
very likely to use flying cars for traveling to 
entertainment/sports activities, 0 otherwise) 
0.605 3.21 - - 
Relocation indicator (1 if the respondent is somewhat or very 
likely to relocate to an urban area – but outside the city 
center – with the introduction of flying cars, 0 otherwise) 
0.564 3.83 - - 
Cross-equation error term correlation coefficient 0.994 85.96 
Number of survey collectors 35 
Number of respondents 547 
Log-likelihood at convergence -237.857 
Log-likelihood at zero -357.89 
Akaike information criterion (AIC) 507.7 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Gender indicator (1 if the respondent is female, 0 otherwise) 31.53% 68.47% 
Education indicator (1 if respondent’s highest education 
level includes a high school diploma or a technical college 
degree, 0 otherwise) 
77.25% 22.75% 
Income indicator (1 if the respondent’s annual household 




Table 6 Pseudo-elasticities (averaged over all observations) of the willingness-to-pay (WTP) 369 
model for pricing scenarios of $200,000 and $300,000 or more 370 
Variables WTP for $200k 
WTP for 
$300k or more 
Socio-demographics   
Gender indicator (1 if the respondent is female, 0 otherwise) -0.049 - 
Age of the respondent -0.001 -0.001 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  - 0.055 
Education level indicator (1 if respondent’s highest education 
level includes a high school diploma or a technical college 
degree, 0 otherwise) 
- 0.033 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $100,000, 0 otherwise) - -0.051 
Opinions and Preferences   
Vehicle safety features indicator (1 if the respondent never 
owned a car with an advanced safety feature, 0 otherwise) -0.070 - 
Cost concern indicator (1 if the respondent is moderately or 
very concerned about the purchase cost of a flying car, 
compared to a conventional vehicle, 0 otherwise) 
-0.068 - 
Cost benefit indicator (1 if the respondent thinks that lower 
insurance rates are somewhat or very unlikely to occur with 
the introduction of flying cars, 0 otherwise)  
-0.087 -0.125 
Trip purpose indicator (1 if the respondent is somewhat or very 
likely to use flying cars for traveling to entertainment/sports 
activities, 0 otherwise) 
0.093 - 
Relocation indicator (1 if the respondent is somewhat or very 
likely to relocate to an urban area – but outside the city center 











Table 7 Estimation results of the willingness-to-use (WTU) model for work- and education-related 378 








 Coeff. t-stat Coeff. t-stat 
Socio-demographic characteristics   
Marital status indicator (1 if the respondent is single, 0 
otherwise) 0.204 1.93 - - 
Age indicator (1 if the respondent is younger than 30, 0 
otherwise) - - 0.181 1.79 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  0.549 3.77 0.367 2.86 
Income indicator (1 if the respondent’s annual household 
income is between $40,000 and $75,000, 0 otherwise) - - -0.238 -2.45 
Opinions and Preferences   
Vehicle safety features indicator (1 if the respondent is not 
familiar with advanced safety features, 0 otherwise) -0.371 -2.41 -0.436 -2.31 
Speed limit opinion indicator (1 if the respondent disagrees or 
completely disagrees with the statement: “Speed limits on 
high speed freeways should only be suggestive”, 0 otherwise)   
- - -0.039 -0.47 
Standard deviation of parameter distribution - - 0.406 4.71 
Operation concern indicator (1 if the respondent is moderately 
or very concerned about learning to operate/use a flying car 
with the introduction of flying cars, 0 otherwise) 
0.013 0.18 - - 
Standard deviation of parameter distribution 0.266 5.23 - - 
Cost benefit indicator (1 if the respondent believes that lower 
insurance rates are very unlikely to occur with the 
introduction of flying cars, 0 otherwise)  
-0.594 -5.18 -0.668 -5.83 
Cross equation correlation 0.978 102.92 
Number of survey collectors 35 
Number of respondents 563 
Log-likelihood at convergence -531.24 
Log-likelihood at zero -787.82 
Akaike information criterion (AIC) 1,090.50 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Speed limit opinion indicator (1 if the respondent disagrees or 
completely disagrees with the statement: “Speed limits on 
high speed freeways should only be suggestive”, 0 otherwise 
46.17% 53.83% 
Operation concern indicator (1 if the respondent is moderately 
or very concerned about learning to operate/use a flying car 





Table 8 Pseudo-elasticities (averaged over all observations) of the willingness-to-use (WTU) 381 








Socio-demographic characteristics   
Marital status indicator (1 if the respondent is single, 0 otherwise) 0.074 - 
Age indicator (1 if the respondent is younger than 30, 0 otherwise) - 0.064 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  0.204 0.134 
Income indicator (1 if the respondent’s annual household income 
is between $40,000 and $75,000, 0 otherwise) - -0.083 
Opinions and Preferences   
Vehicle safety features indicator (1 if the respondent is not 
familiar with advanced safety features, 0 otherwise) -0.133 -0.148 
Speed limit opinion indicator (1 if the respondent disagrees or 
completely disagrees with the statement: “Speed limits on high 
speed freeways should only be suggestive”, 0 otherwise)   
- -0.014 
Operation concern indicator (1 if the respondent is moderately or 
very concerned about learning to operate/use a flying car with 
the introduction of flying cars, 0 otherwise) 
0.005 - 
Cost benefit indicator (1 if the respondent believes that lower 
insurance rates are very unlikely to occur with the introduction 
of flying cars, 0 otherwise)  
-0.225 -0.247 




Table 9 Estimation results of the willingness-to-use (WTU) model for entertainment- or sport-384 





 Coeff. t-stat 
Constant 0.522 2.49 
Socio-demographic characteristics  
Age indicator (1 if the respondent is older than 40, 0 otherwise) -0.409 -2.79 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  0.414 2.51 
Income indicator (1 if the respondent’s annual household income is 
between $20,000 and $50,000, 0 otherwise) -0.068 -0.38 
Standard deviation of parameter distribution 0.592 3.7 
Opinions and Preferences  
Speed limit opinion indicator (1 if the respondent agrees or completely 
agrees with the statement: “Speed limits on high speed freeways should 
only be suggestive”, 0 otherwise)   
-0.359 -1.86 
Mileage indicator (1 if the respondent drives more than 20,000 miles per 
year, 0 otherwise) -0.060 -0.24 
Standard deviation of parameter distribution 1.225 3.8 
Cost benefit indicator (1 if the respondent think that lower insurance rates 
are very unlikely to occur with the introduction of flying cars, 0 
otherwise)  
-0.514 -3.48 
Environmental benefit indicator (1 if the respondent thinks that lower CO2 
emissions are somewhat or very unlikely to occur with the introduction 
of flying cars, 0 otherwise)  
-0.574 -4.22 
Security measure indicator (1 if the respondent thinks that establishing air-
road police enforcement – with flying police cars – is somewhat or very 
likely to improve security against hackers/terrorists, 0 otherwise) 
0.292 1.99 
Number of survey collectors 35 
Number of respondents 534 
Log-likelihood at convergence -322.41 
Log-likelihood at zero -370.08 
Akaike information criterion (AIC) 666.80 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Income indicator (1 if the respondent’s annual household income is 
between $20,000 and $50,000, 0 otherwise) 45.43% 54.57% 
Mileage indicator (1 if the respondent drives more than 20,000 miles per 




Table 10 Pseudo-elasticities (averaged over all observations) of the willingness-to-use (WTU) 387 





Socio-demographic characteristics  
Age indicator (1 if the respondent is older than 40, 0 otherwise) -0.064 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  0.071 
Income indicator (1 if the respondent’s annual household income is between 
$20,000 and $50,000, 0 otherwise) -0.010 
Opinions and Preferences  
Speed limit opinion indicator (1 if the respondent agrees or completely agrees 
with the statement: “Speed limits on high speed freeways should only be 
suggestive”, 0 otherwise)   
-0.088 
Mileage indicator (1 if the respondent drives more than 20,000 miles per year, 0 
otherwise) -0.004 
Cost benefit indicator (1 if the respondent think that lower insurance rates are 
very unlikely to occur with the introduction of flying cars, 0 otherwise) -0.210 
Environmental benefit indicator (1 if the respondent thinks that lower CO2 
emissions are somewhat or very unlikely to occur with the introduction of 
flying cars, 0 otherwise) 
-0.298 
Security measure indicator (1 if the respondent thinks that establishing air-road 
police enforcement – with flying police cars – is somewhat or very likely to 





Table 11 Estimation results of the willingness-to-use (WTU) model for traveling to short-term and 390 
long-term shopping activities  391 
Variables 
WTU for traveling 
to short-term 
shopping activities 
WTU for traveling 
to long-term 
shopping activities 
 Coeff. t-stat Coeff. t-stat 
Socio-demographic characteristics   
Age of the respondent -0.013 -2.53 -0.009 -2.36 
Education level indicator (1 if respondent’s highest 
education level includes a high school diploma or a 
technical college degree, 0 otherwise) 
0.095 0.79 - - 
Standard deviation of parameter distribution 0.513 5.18 - - 
Income indicator (1 if the respondent’s annual household 
income is between $10,000 and $30,000, 0 otherwise) -0.321 -2.69 - - 
Opinions and Preferences   
Driver preference indicator (1 if the respondent generally 
prefers to drive herself/himself when there are more than 
two licensed drivers in a vehicle, 0 otherwise) 
-0.225 -2.06 - - 
Standard deviation of parameter distribution 0.377 4.26 - - 
Square root of annual mileage driven -0.002 -1.83 -0.004 -3.40 
Accident history indicator (1 if the respondent has had at 
least one non-severe or severe accident in the last 5 
years, 0 otherwise) 
0.275 2.32 - - 
Safety benefit indicator (1 if the respondent thinks that 
fewer crashes on the roadway are somewhat or very 
likely to occur with the introduction of flying cars, 0 
otherwise)  
0.600 4.28 0.662 5.40 
Cost benefit indicator (1 if the respondent thinks that 
lower vehicle maintenance expenses are somewhat or 
very unlikely to occur with the introduction of flying 
cars, 0 otherwise)  
-0.648 -5.25 - - 
Security measure indicator (1 if the respondent thinks that 
using existing FAA regulations for air traffic control is 
somewhat or very likely improve security against 
hackers/terrorists, 0 otherwise) 
0.467 4.38 - - 
Security measure indicator (1 if the respondent thinks that 
detailed profiling and background checking of flying car 
owners/operators is somewhat  or very likely to improve 
security against hackers/terrorists, 0 otherwise) 
- - 0.321 2.10 
Cross equation correlation 0.919 (33.26) 
Number of survey collectors 35 
Number of respondents 523 
Log-likelihood at convergence -521.46 
Log-likelihood at zero -732.77 





WTU for traveling 
to short-term 
shopping activities 
WTU for traveling 
to long-term 
shopping activities 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Education level indicator (1 if respondent’s highest 
education level includes a high school diploma or a 
technical college degree, 0 otherwise) 
57.35% 42.65% 
Driver preference indicator (1 if the respondent generally 
prefers to drive herself/himself when there are more than 





Table 12 Pseudo-elasticities (averaged over all observations) of the willingness-to-use (WTU) 393 












Socio-demographic characteristics   
Age of the respondent -0.001 -0.001 
Education level indicator (1 if respondent’s highest education level 
includes a high school diploma or a technical college degree, 0 
otherwise) 
0.030 - 
Income indicator (1 if the respondent’s annual household income is 
between $10,000 and $30,000, 0 otherwise) -0.098 - 
Opinions and Preferences   
Driver preference indicator (1 if the respondent generally prefers to 
drive herself/himself when there are more than two licensed 
drivers in a vehicle on a trip, 0 otherwise) 
-0.072 - 
Square root of annual mileage driven -0.001 -0.001 
Accident history indicator (1 if the respondent has had at least one 
non-severe or severe accident in the last 5 years, 0 otherwise) 0.089 - 
Safety benefit indicator (1 if the respondent thinks that fewer crashes 
on the roadway are somewhat or very likely to occur with the 
introduction of flying cars, 0 otherwise) 
0.192 0.250 
Cost benefit indicator (1 if the respondent thinks that lower vehicle 
maintenance expenses are somewhat or very unlikely to occur with 
the introduction of flying cars, 0 otherwise) 
-0.224 - 
Security measure indicator (1 if the respondent thinks that using 
existing FAA regulations for air traffic control somewhat or very 
likely improve security against hackers/terrorists, 0 otherwise) 
0.151 - 
Security measure indicator (1 if the respondent thinks that detailed 
profiling and background checking of flying car owners/operators 
is somewhat or very likely to improve security against 
hackers/terrorists, 0 otherwise) 
- 0.118 
  395 
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Table 13 Estimation results of the willingness-to-use (WTU) model for trips from or to the city 396 
center (downtown) 397 
Variables 
WTU for trips from/to 
the city center 
(downtown) 
 Coeff. t-stat 
Socio-demographic characteristics  
Gender indicator (1 if the respondent is male, 0 otherwise) 0.136 1.04 
Standard deviation of parameter distribution 0.351 3.83 
Young female indicator (1 if the respondent is female and younger than 25, 
0 otherwise) 0.518 2.62 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  0.362 1.86 
Education level indicator (1 if respondent’s highest level of education 
includes a high school diploma or partial attendance of high school, 0 
otherwise) 
-0.247 -1.67 
Income indicator (1 if the respondent’s annual household income is 
between $10,000 and $40,000, 0 otherwise) -0.250 -1.65 
Opinions and Preferences  
Vehicle safety features indicator (1 if the respondent never owned a car 
with an advanced safety feature, 0 otherwise) -0.308 -2.04 
Mileage indicator (1 if the respondent annually drives less than 5,000 
miles, 0 otherwise) 0.282 2.1 
Safety concern indicator (1 if the respondent is very concerned about 
accidents on the airway with the introduction of flying cars, 0 otherwise) -0.396 -3.22 
Cost benefit indicator (1 if the respondent thinks that lower fuel expenses 
are somewhat or very unlikely to occur with the introduction of flying 
cars, 0 otherwise)  
-0.550 -4.67 
Security measure indicator (1 if the respondent thinks that establishing no-
fly zones for flying cars near sensitive locations – such as, military bases, 
power/energy plants, governmental buildings, major transportation hubs, 
etc. – is somewhat or very likely to improve security against 
hackers/terrorists, 0 otherwise) 
0.631 4.77 
Number of survey collectors 35 
Number of respondents 529 
Log-likelihood at convergence -317.21 
Log-likelihood at zero -362.67 
Akaike information criterion (AIC) 656.40 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 




Table 14 Pseudo-elasticities (averaged over all observations) of the willingness-to-use (WTU) 399 
model for trips from or to the city center (downtown) 400 
Variables 
WTU for trips 
from/to the city 
center (downtown) 
Socio-demographic characteristics  
Gender indicator (1 if the respondent is male, 0 otherwise) 0.075 
Young female indicator (1 if the respondent is female and younger than 25, 0 
otherwise) 0.074 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  0.068 
Education level indicator (1 if respondent’s highest level of education 
includes a high school diploma or partial attendance of high school, 0 
otherwise) 
-0.052 
Income indicator (1 if the respondent’s annual household income is between 
$10,000 and $40,000, 0 otherwise) -0.146 
Opinions and Preferences  
Vehicle safety features indicator (1 if the respondent never owned a car with 
an advanced safety feature, 0 otherwise) -0.126 
Mileage indicator (1 if the respondent annually drives less than 5,000 miles, 
0 otherwise) 0.074 
Safety concern indicator (1 if the respondent is very concerned about 
accidents on the airway with the introduction of flying cars, 0 otherwise) -0.203 
Cost benefit indicator (1 if the respondent thinks that lower fuel expenses are 
somewhat or very unlikely to occur with the introduction of flying cars, 0 
otherwise)  
-0.353 
Security measure indicator (1 if the respondent thinks that establishing no-fly 
zones for flying cars near sensitive locations – such as, military bases, 
power/energy plants, governmental buildings, major transportation hubs, 
etc. – is somewhat or very likely to improve security against 





Table 15 Estimation results of the willingness-to-use (WTU) model for short and medium distance 402 
trips 403 
Variables 
WTU for short 
distance trips 






 Coeff. t-stat Coeff. t-stat 
Socio-demographic characteristics   
Income indicator (1 if the respondent’s annual household 
income is between $30,000 and $50,000, 0 otherwise) -0.406 -2.7 - - 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $150,000, 0 otherwise) -0.396 -3.6 - - 
Income indicator (1 if the respondent’s annual household 
income is between $75,000 and $100,000, 0 otherwise) - - -0.382 -2.53 
Opinions and Preferences   
Square root of annual mileage driven -0.004 -4.43 -0.001 -0.7 
Standard deviation of parameter distribution 0.003 5.84 0.002 4.08 
Accident history indicator (1 if the respondent has had at least 
one non-severe or severe accident in the last 5 years, 0 
otherwise) 
- - 0.234 2.09 
Driving joy concern indicator (1 if the respondent is 
moderately or very concerned about loss of driving joy with 
the introduction of flying cars, 0 otherwise) 
- - -0.271 -3.09 
Safety benefit indicator (1 if the respondent thinks that fewer 
crashes are somewhat or very likely to occur on the roadway 
with the introduction of flying cars, 0 otherwise)  
0.599 5.94 0.667 7.34 
Cross equation correlation 0.834 25.30   
Number of survey collectors 35 
Number of respondents 527 
Log-likelihood at convergence -576.24 
Log-likelihood at zero -722.02 
Akaike information criterion (AIC) 1176.50 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Square root of annual mileage driven [short distance trips] 9.12% 90.88% 




Table 16 Pseudo-elasticities (averaged over all observations) of the willingness-to-use (WTU) 405 
model for short and medium distance trips 406 
Variables 
WTU for short 
distance trips 






Socio-demographic characteristics   
Income indicator (1 if the respondent’s annual household 
income is between $30,000 and $50,000, 0 otherwise) -0.141 - 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $150,000, 0 otherwise) -0.144 - 
Income indicator (1 if the respondent’s annual household 
income is between $75,000 and $100,000, 0 otherwise) - -0.141 
Opinions and Preferences   
Square root of annual mileage driven -0.001 -0.0002 
Accident history indicator (1 if the respondent has had at 
least one non-severe or severe accident in the last 5 years, 
0 otherwise) 
- 0.083 
Driving joy concern indicator (1 if the respondent is 
moderately or very concerned about loss of driving joy 
with the introduction of flying cars, 0 otherwise) 
- -0.098 
Safety benefit indicator (1 if the respondent thinks that 
fewer crashes are somewhat or very likely to occur on the 





Table 17 Estimation results of the willingness-to-use (WTU) model for long and very long 408 
distance trips 409 
Variables 
WTU for long 
distance trips 
(100-300 miles) 
WTU for very 
long distance 
trips (greater 
than 300 miles) 
 Coeff. t-stat Coeff. t-stat 
Socio-demographic characteristics   
Age indicator (1 if the respondent is younger than 30, 0 
otherwise) 0.531 3.01 0.455 3.01 
Income indicator (1 if the respondent’s annual household 
income is between $20,000 and $40,000, 0 otherwise) -0.187 -1.23 - - 
Standard deviation of parameter distribution 0.690 3.53 - - 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $150,000, 0 otherwise) -0.272 -2.69 - - 
Standard deviation of parameter distribution 0.162 2.93 - - 
Opinions and Preferences   
Mileage indicator (1 if the respondent drives more than 15,000 
miles per year, 0 otherwise) -0.267 -2.09 - - 
Standard deviation of parameter distribution 0.419 2.91 - - 
Driving joy concern indicator (1 if the respondent is moderately 
or very concerned about loss of driving joy with the 
introduction of flying cars, 0 otherwise) 
-0.574 -3.80 -0.471 -3.23 
Safety benefit indicator (1 if the respondent thinks that fewer 
crashes are somewhat or very likely to occur on the roadway 
with the introduction of flying cars, 0 otherwise) 
0.407 2.45 0.374 2.32 
Standard deviation of parameter distribution - - 0.218 3.62 
Travel time benefit indicator (1 if the respondent thinks that 
more reliable travel time to destination is somewhat or very 
likely to occur with the introduction of flying cars, 0 
otherwise)  
0.878 5.10 0.695 4.3 
Environmental benefit indicator (1 if the respondent thinks that 
lower CO2 emissions are somewhat or very unlikely to occur 
with the introduction of flying cars, 0 otherwise)  
-0.537 -4.47 -0.512 -4.42 
Cross equation correlation 0.974 74.59   
Number of survey collectors 35 
Number of respondents 538 
Log-likelihood at convergence -428.58 
Log-likelihood at zero -701.996 
Akaike information criterion (AIC) 893.20 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Income indicator (1 if the respondent’s annual household 
income is between $20,000 and $40,000, 0 otherwise) 39.32% 60.68% 
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Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $150,000, 0 otherwise) 
4.66% 95.34% 
 Above zero Below zero 
Mileage indicator (1 if the respondent drives more than 15,000 
miles per year, 0 otherwise) 26.20% 73.80% 
Safety benefit indicator (1 if the respondent thinks that fewer 
crashes are somewhat or very likely to occur on the roadway 





Table 18 Pseudo-elasticities (averaged over all observations) of the willingness-to-use (WTU) 411 
model for long and very long distance trips 412 
Variables 
WTU for long 
distance trips 
(100-300 miles) 
WTU for very 
long distance 
trips (greater 
than 300 miles) 
Socio-demographic characteristics   
Age indicator (1 if the respondent is younger than 30, 0 
otherwise) 0.164 0.143 
Income indicator (1 if the respondent’s annual household 
income is between $20,000 and $40,000, 0 otherwise) -0.056 - 
Income indicator (1 if the respondent’s annual household 
income is between $50,000 and $150,000, 0 otherwise) -0.080 - 
Opinions and Preferences   
Mileage indicator (1 if the respondent drives more than 
15,000 miles per year, 0 otherwise) -0.081 - 
Driving joy concern indicator (1 if the respondent is 
moderately or very concerned about loss of driving joy 
with the introduction of flying cars, 0 otherwise) 
-0.172 -0.144 
Safety benefit indicator (1 if the respondent thinks that 
fewer crashes are somewhat or very likely to occur on 
the roadway with the introduction of flying cars, 0 
otherwise) 
0.126 0.118 
Travel time benefit indicator (1 if the respondent thinks 
that more reliable travel time to destination is somewhat 
or very likely to occur with the introduction of flying 
cars, 0 otherwise)  
0.295 0.236 
Environmental benefit indicator (1 if the respondent 
thinks that lower CO2 emissions are somewhat or very 






Table 19 Estimation results of the willingness-to-use (WTU) model for morning and afternoon 414 
trips 415 
Variables WTU for morning trips 
WTU for 
afternoon trips 
 Coeff. t-stat Coeff. t-stat 
Socio-demographic characteristics   
Marital status indicator (1 if the respondent is single, 0 
otherwise) - - -0.005 -0.04 
Standard deviation of parameter distribution - - 0.339 5.09 
Age of the respondent -0.020 -3.76 -0.017 -3.51 
Ethnicity indicator (1 if the respondent is Asian, 0 otherwise)  -0.269 -1.90 - - 
Standard deviation of parameter distribution 0.558 3.83 - - 
Education level indicator (1 if respondent’s highest level of 
education includes a high school diploma or partial 
attendance of high school, 0 otherwise) 
-0.114 -0.90 - - 
Standard deviation of parameter distribution 0.454 3.86 - - 
Working household members indicator (1 if the respondent is 
the only household member who works outside the home, 0 
otherwise)  
- - -0.009 -0.04 
Standard deviation of parameter distribution - - 0.544 2.61 
Opinions and Preferences   
Safety benefit indicator (1 if the respondent thinks that fewer 
crashes are somewhat or very likely to occur on the roadway 
with the introduction of flying cars, 0 otherwise)  
0.369 2.51 0.342 1.89 
Travel time benefit indicator (1 if the respondent thinks that 
more reliable travel time to destination is somewhat or very 
likely to occur with the introduction of flying cars, 0 
otherwise)  
0.525 2.35 0.562 3.26 
Environmental benefit indicator (1 if the respondent thinks that 
lower CO2 emissions are very unlikely to occur with the 
introduction of flying cars, 0 otherwise) 
-0.381 -2.56 -0.521 -3.27 
Security measure indicator (1 if the respondent thinks that 
detailed profiling and background checking of flying car 
owners/operators is somewhat or very likely to improve 
security against hackers/terrorists, 0 otherwise) 
0.446 2.92 0.287 1.91 
Cross equation correlation 0.87 33.86   
Number of survey collectors 35 
Number of respondents 563 
Log-likelihood at convergence -574.01 
Log-likelihood at zero -790.63 
Akaike information criterion (AIC) 1186 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Marital status indicator (1 if the respondent is single, 0 
otherwise) 49.41% 50.59% 
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Ethnicity indicator (1 if the respondent is Asian, 0 otherwise) 31.49% 68.51% 
 Above zero Below zero 
Education level indicator (1 if respondent’s highest level of 
education includes a high school diploma or partial 
attendance of high school, 0 otherwise) 
40.09% 59.91% 
Working household members indicator (1 if the respondent is 






Table 20 Pseudo-elasticities (averaged over all observations) of the willingness-to-use (WTU) 417 
model for morning and afternoon trips 418 
Variables WTU for morning trips 
WTU for 
afternoon trips 
Socio-demographic characteristics   
Marital status indicator (1 if the respondent is single, 0 
otherwise) - -0.002 
Age of the respondent -0.002 -0.002 
Ethnicity indicator (1 if the respondent is Asian, 0 
otherwise)  -0.093 - 
Education level indicator (1 if respondent’s highest level 
of education includes a high school diploma or partial 
attendance of high school, 0 otherwise) 
-0.039 - 
Working household members indicator (1 if the 
respondent is the only household member who works 
outside the home, 0 otherwise) 
- -0.003 
Opinions and Preferences   
Safety benefit indicator (1 if the respondent thinks that 
fewer crashes are somewhat or very likely to occur on 
the roadway with the introduction of flying cars, 0 
otherwise)  
0.132 0.122 
Travel time benefit indicator (1 if the respondent thinks 
that more reliable travel time to destination is somewhat 
or very likely to occur with the introduction of flying 
cars, 0 otherwise)  
0.189 0.204 
Environmental benefit indicator (1 if the respondent 
thinks that lower CO2 emissions are very unlikely to 
occur with the introduction of flying cars, 0 otherwise) 
-0.135 -0.188 
Security measure indicator (1 if the respondent thinks that 
detailed profiling and background checking of flying car 
owners/operators is somewhat or very likely to improve 





Table 21 Estimation results of the willingness-to-use (WTU) model for evening and night trips 420 
Variables WTU for evening trips 
WTU for 
night trips 
 Coeff. t-stat Coeff. t-stat 
Socio-demographic characteristics   
Marital status indicator (1 if the respondent is single, 0 
otherwise) 0.185 1.37 - - 
Standard deviation of parameter distribution 0.170 3.03 - - 
Square root of the age of the respondent -0.159 -3.58 -0.261 -5.73 
Current living area indicator (1 if the respondent lives in 
suburban area, 0 otherwise) -0.213 -1.42 -0.067 -0.54 
Standard deviation of parameter distribution 0.203 3.17 0.211 3.11 
Income indicator (1 if the respondent’s annual household 
income is between $30,000 and $75,000, 0 otherwise) - - 0.299 2.83 
Opinions and Preferences   
Driving speed indicator (1 if the respondent normally 
drives faster than 70 mph on an interstate with a 65 mph 
speed limit and little traffic, 0 otherwise) 
0.237 1.82 0.341 2.44 
Driving joy concern indicator (1 if the respondent is 
moderately or very concerned about loss of driving joy 
with the introduction of flying cars, 0 otherwise) 
-0.290 -2.21 - - 
Safety benefit indicator (1 if the respondent thinks that 
fewer crashes are somewhat or very likely to occur on 
the roadway with the introduction of flying cars, 0 
otherwise)  
0.472 2.77 0.469 2.84 
Travel time benefit indicator (1 if the respondent thinks 
that more reliable travel time to destination is somewhat 
or very likely to occur with the introduction of flying 
cars, 0 otherwise) 
0.717 4.22 0.399 2.21 
Cost benefit indicator (1 if the respondent thinks that 
lower insurance rates are somewhat or very unlikely to 
occur with the introduction of flying cars, 0 otherwise)  
-0.588 -4.16 - - 
Cost benefit indicator (1 if the respondent thinks that 
lower insurance rates are somewhat or very likely to 
occur with the introduction of flying cars, 0 otherwise)  
- - 0.874 6.06 
Security measure indicator (1 if the respondent thinks that 
detailed profiling and background checking of flying car 
owners/operators is somewhat or very likely to improve 
security against hackers/terrorists, 0 otherwise) 
0.615 3.24 0.402 1.99 
Cross equation correlation 0.937 41.36   
Number of survey collectors 35 
Number of respondents 557 
Log-likelihood at convergence -515.62 
Log-likelihood at zero -782.28 




Variables WTU for evening trips 
WTU for 
night trips 
Aggregate distributional effect of the random parameters across the observations 
 Above zero Below zero 
Marital status indicator (1 if the respondent is single, 0 
otherwise) 86.18% 13.82% 
Current living area indicator (1 if the respondent lives in 
suburban area, 0 otherwise) [evening trips] 14.70% 85.30% 
Current living area indicator (1 if the respondent lives in 




Table 22 Pseudo-elasticities (averaged over all observations) of the willingness-to-use (WTU) 422 
model for evening and night trips 423 
Variables WTU for evening trips 
WTU for 
night trips 
Socio-demographic characteristics   
Marital status indicator (1 if the respondent is single, 0 
otherwise) 0.062 - 
Square root of the age of the respondent -0.003 -0.005 
Current living area indicator (1 if the respondent lives in 
suburban area, 0 otherwise) -0.070 -0.022 
Income indicator (1 if the respondent’s annual household 
income is between $30,000 and $75,000, 0 otherwise) - 0.099 
Opinions and Preferences   
Driving speed indicator (1 if the respondent normally drives 
faster than 70 mph on an interstate with a 65 mph speed limit 
and little traffic, 0 otherwise) 
0.078 0.113 
Driving joy concern indicator (1 if the respondent is moderately 
or very concerned about loss of driving joy with the 
introduction of flying cars, 0 otherwise) 
-0.095 - 
Safety benefit indicator (1 if the respondent thinks that fewer 
crashes are somewhat or very likely to occur on the roadway 
with the introduction of flying cars, 0 otherwise)  
0.161 0.160 
Travel time benefit indicator (1 if the respondent thinks that 
more reliable travel time to destination is somewhat or very 
likely to occur with the introduction of flying cars, 0 
otherwise) 
0.245 0.133 
Cost benefit indicator (1 if the respondent thinks that lower 
insurance rates are somewhat or very unlikely to occur with 
the introduction of flying cars, 0 otherwise)  
-0.192 - 
Cost benefit indicator (1 if the respondent thinks that lower 
insurance rates are somewhat or very likely to occur with the 
introduction of flying cars, 0 otherwise)  
- 0.296 
Security measure indicator (1 if the respondent thinks that the 
detailed profiling and background checking of flying car 
owners/operators is somewhat or very likely to improve 





4.1. Socio-demographic characteristics 425 
A number of socio-demographic characteristics are found to affect individuals’ willingness 426 
to pay for and willingness to use flying cars.  Focusing on the effect of gender, the majority of the 427 
female respondents (68.48%, as shown in Table 5) are less willing to buy a flying car priced around 428 
$200,000, while the remaining female respondents (31.52%, as shown in Table 5) are more willing 429 
to buy a flying car.  With regard to respondents’ willingness to use a flying car, Table 13 shows 430 
that the majority of male respondents (65.14%, as shown in Table 13) are more likely to use a 431 
flying car for conducting trips from or to the city center (downtown), while the opposite trend is 432 
observed for the remaining 34.86% of the male drivers.  This finding indicates that the non-433 
involvement of the flying cars in the traffic patterns of the city center’s transportation network may 434 
constitute a strong incentive for travelers to use flying cars for trips within areas susceptible to 435 
high traffic volumes and congestion.  Young females (less than 25 years old) are more likely (by 436 
0.074, as indicated by the pseudo-elasticities in Table 14) to use a flying car for trips to the city 437 
center (downtown).  This finding is in line with the current state of knowledge about the intra-438 
urban travel patterns of young females, who are generally expected to travel more in urban context, 439 
especially when compared with young males (Tilley and Houston, 2016).  In this context, young 440 
females may find merits in the use of flying cars, due to their potential for reduced travel times 441 
and automated capabilities.  442 
With regard to the marital status, single respondents are more willing to use flying cars for 443 
various trip purposes and time slots during the day.  For example, the variable reflecting “single” 444 
marital status increases the likelihood of a traveler to use a flying car for traveling to work (by 445 
0.074, as indicated by the pseudo-elasticities in Table 8).  Furthermore, Table 19 shows that the 446 
same variable has mixed effects on respondents’ willingness to use a flying car for afternoon trips; 447 
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specifically, 50.55% of the single respondents (as shown in Table 19) are less likely to use a flying 448 
car for afternoon trips, while the remaining 49.45% are more willing to use a flying car for such 449 
trips.  As opposed to the afternoon trips, the vast majority of single respondents (86.27%, as shown 450 
in Table 21) are more willing to use a flying car for evening trips, with the remaining 13.73% of 451 
single individuals being less willing to use a flying car during this time slot of the day.  The 452 
capacity characteristics of the flying cars – they can accommodate 2-4 passengers – as well as the 453 
flexibility in the origin and destination characteristics of the trips conducted by the single 454 
individuals may constitute underlying sources of such variations in the effect of marital status. 455 
The effect of age is found to be consistent across the willingness-to-buy models for all 456 
pricing scenarios ($100,000, $150,000, $200,000, and $300,000 or more).  Specifically, Table 3 457 
and Table 5 show that older respondents are associated with lower likelihood to buy a flying car.  458 
Similar effect of age characteristics is also observed in the willingness-to-use models.  With regard 459 
to the trip purpose scenarios, older respondents are less willing to use a flying car for traveling to 460 
short-term and long-term shopping activities as well as for traveling to entertainment- or sports-461 
related activities.  In addition, older respondents are less likely to use a flying car regardless of the 462 
time of the day the trip is conducted (morning, afternoon, evening or night).  In contrast, young 463 
respondents – 30 years old or younger – are more willing to use a flying car for traveling to 464 
education activities, conducting long-distance trips and very long-distance trips.  Such findings 465 
likely capture the intuitive concerns of older travelers with regard to the cost, operation and safety 466 
implications of this new transportation technology.  467 
Regarding the location-specific characteristics of the respondents, the vast majority of 468 
those who are located in a suburban area (85.31%, as shown in Table 21) are less willing to use a 469 
flying car for evening trips; the opposite is observed for the remaining 14.69% of the respondents 470 
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(as shown in Table 21).  Similarly, the majority of the respondents who are located in suburban 471 
area (62.5%, as shown in Table 21) are less willing to use a flying car for night trips (i.e., trips 472 
conducted between 12 AM and 6 AM), while the opposite is observed for the remaining 37.5% of  473 
the respondents (as shown in Table 21).  These findings perhaps reflect safety concerns of 474 
travelers, especially for flying car-operated trips during dark conditions.  Such concerns may also 475 
be enhanced for travelers who live in suburban areas, due to the presence of limited lighting 476 
infrastructure in the suburban transportation networks.  477 
Focusing on the effect of ethnicity, Asian respondents are consistently found to be more 478 
willing to buy and use a flying car.  Specifically, these respondents are more likely to buy a flying 479 
car priced around $300,000 or more, use a flying car for traveling to work, use a flying car for 480 
traveling to education activities, use a flying car for traveling to entertainment or sports activities, 481 
and use a flying car for conducting trips from or to the city center (downtown).  However, Table 482 
19 shows that Asian ethnicity has mixed effect on travelers’ willingness to use a flying car for 483 
morning trips; the majority of Asian respondents (68.49%, as shown in Table 19) are less willing 484 
to use a flying car for morning trips, whereas the remaining 31.51% of Asian respondents (as 485 
shown in Table 19) are more willing to conduct trips with a flying car during morning hours. 486 
The education level of individuals has varying effects on their willingness to pay for and 487 
use a flying car.  Table 14 shows that the likelihood of an individual to use a flying car for trips 488 
from or to the city center (downtown) decreases (by -0.052, as indicated by the pseudo-elasticities 489 
in Table 14), if the respondent’s highest level of education includes a high school diploma or partial 490 
attendance of high school.  The majority of the same respondents (59.9%, as shown in Table 19) 491 
are also less willing to use a flying car for morning trips, whereas the remaining 40.1% of these 492 
respondents (as shown in Table 19) are more willing to use a flying car for morning trips.  Such 493 
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findings may reflect the concerns of travelers with lower education level to use a flying car for 494 
their daily activities.  In contrast, the majority of respondents whose highest education level 495 
includes a high school diploma or a technical college degree (57.33%, as shown in Table 11) are 496 
more willing to use a flying car for traveling to short-term shopping activities.  The majority of the 497 
same respondents (77.23%, as shown in Table 5) are also more willing to buy a flying car priced 498 
around $300,000 or more; the opposite is observed for the remaining 22.77% of respondents with 499 
the specific educational background.  Respondents with a college or postgraduate degree exhibit 500 
heterogeneous willingness to pay for flying cars, with the majority of them (71.24%, as shown in 501 
Table 3) being less likely to buy a flying car priced around $100,000. 502 
The level of the annual household income is also found to have heterogeneous effect on 503 
respondents’ willingness to pay for and use a flying car.  For the willingness to pay for a flying 504 
car, the vast majority of respondents with annual household income between $50,000 and 505 
$150,000 (70%, as shown in Table 3) are less willing to buy a flying car priced around $150,000.  506 
Similarly, Table 5 shows that 78.72% of respondents with medium annual household income 507 
(between $50,000 and $100,000) are less likely to buy a flying car priced around $300,000 or 508 
more.  With regard to respondents’ willingness to use a flying car, Tables 7 through 23 show that 509 
variables reflecting low annual income level decrease the likelihood of respondents to use a flying 510 
car for various trip purposes.  Members of households with annual income up to $50,000 are 511 
associated with lower willingness to use a flying car for traveling to short-term shopping activities, 512 
conducting short distance trips, conducting long-distance trips (the specific effect is evident for 513 
60.68% of the respondents, as shown in Table 17) and conducting trips from or to the city center 514 
(downtown).  Variables reflecting low or medium income levels (between $30,000 and $75,000) 515 
decrease the likelihood of a respondent to use a flying car for education-related trips (by -0.083, 516 
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as shown by the pseudo elasticities in Table 8), and increase the likelihood of a respondent to use 517 
a flying car for night-time trips (by 0.099, as shown by the pseudo elasticities in Table 22).  518 
Respondents with medium or high household income (between $50,000 and $100,000) are less 519 
willing to use a flying car for conducting medium distance trips.  Similar findings are observed for 520 
respondents with annual household income between $50,000 and $150,000, who are less likely to 521 
use a flying car for conducting short distance trips and long distance trips.  Overall, the findings 522 
are intuitive and likely reflect travelers’ concerns about the cost implications of this new 523 
transportation technology as well as the importance of pricing policy in travelers’ decision-making 524 
mechanism associated with the adoption of a flying car.   525 
 526 
4.2. Opinions and preferences 527 
Turning to the behavioral and attitudinal determinants of willingness to pay for a flying 528 
car, respondents who have never owned a vehicle with advanced safety features are consistently 529 
less willing to buy a flying car, under the pricing scenarios of $100,000, $150,000, and $200,000.  530 
The same respondents are also associated with lower likelihood to use a flying car for conducting 531 
trips from or to the city center (downtown).  Similarly, respondents who are not familiar with the 532 
use of such vehicle safety features are less willing to conduct work- or education-related trips with 533 
a flying car.  These findings may reflect the perceptions of a population group that is not familiar 534 
with the benefits of the emerging driver’s assistance systems and automated technologies, and, 535 
expectedly, is more reluctant to the adoption of such a revolutionary, yet unknown transportation 536 
technology as the flying car.  537 
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With regard to the effect of driving behavior characteristics, respondents who normally 538 
drive with speed greater than the posted speed limit (for example, they drive faster than 70 mph 539 
on an interstate with a 65 mph posted speed limit and little traffic) are more willing to use a flying 540 
car for conducting evening and night trips.  This finding may imply that the perceptions of possibly 541 
risk-taking drivers (as evidenced from their highway speeding behavior) towards the use and 542 
operation of flying cars are not affected by the limited lighting conditions during the evening or 543 
night trips.  In addition, respondents who overall disagree with suggestive speed limits on high-544 
speed freeways have heterogeneous perceptions regarding the use of flying cars for education-545 
related trips; Table 7 shows that 53.87% of such respondents are less likely to use a flying car, 546 
whereas the opposite trend is observed for the remaining 46.13% of these respondents.  In contrast, 547 
Table 9 indicates that supportive opinions on the suggestive nature of the speed limits decrease the 548 
likelihood of a respondent (by -0.099, as indicated by the pseudo-elasticities in Table 10) to use a 549 
flying car for traveling to entertainment- or sports-related activities.  Driving confidence 550 
constitutes another behavioral characteristic that has mixed effects on respondents’ willingness to 551 
use a flying car.  Specifically, the majority (72.49%, as shown in Table 11) of the respondents who 552 
generally prefer to drive themselves when there are more than two licensed drivers in a vehicle are 553 
more willing to use a flying car for traveling to short-term shopping activities.  This result may 554 
capture unobserved variations in the perceptions of drivers with regard to the cost, parking, and 555 
travel time considerations of flying cars.  For example, some travelers may expect that using a 556 
flying car for short-term shopping activities may result in significantly lower travel times, whereas 557 
other drivers may prefer transportation modes of lower cost (e.g., conventional car or public 558 
transportation means) to conduct the – typically –  low-distance trips for short-term shopping 559 
activities.   560 
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Moving to the effect of respondents’ accident history, respondents with at least one (non-561 
severe or severe) accident over the last 5 years are more likely to use a flying car for traveling to 562 
short-term shopping activities and for conducting medium distance trips.  Specifically, the 563 
likelihood of using a flying car for each of the aforementioned trip scenarios is increased by 0.089 564 
and 0.083, respectively (as indicated by the pseudo-elasticities in Table 12 and Table 16, 565 
respectively).  It is likely that the automated capabilities of the flying cars, in conjunction with 566 
their limited exposure to traffic conflict patterns of the ground transportation networks, cultivate 567 
expectations for enhanced safety benefits from the use of flying cars, especially for individuals 568 
who have experienced one (or more) accidents in the recent past. 569 
Driving exposure constitutes another behavioral characteristic that affects respondents’ 570 
perceptions towards the adoption of flying cars.  Focusing on its effect on individuals’ willingness 571 
to pay, the variable reflecting high driving exposure (i.e., annual mileage greater than 20,000 572 
miles) increases the likelihood (by 0.095, as indicated by the pseudo-elasticities in Table 4) of an 573 
individual to buy a flying car priced around $100,000.  Furthermore, Table 12 shows that greater 574 
annual mileage decreases the likelihood of a respondent to use a flying car for traveling to short-575 
term and long-term shopping activities.  With regard to its effect on short and medium distance 576 
trips, greater annual mileage results in lower willingness to use a flying car, for the vast majority 577 
of the respondents (91.88% and 69.15% of the respondents, respectively, as shown in Table 15).  578 
Similarly, respondents with low driving exposure (for example, respondents who drive less than 579 
5,000 miles per year) are more willing to use a flying car for trips from or to the city center 580 
(downtown).  In contrast, the majority (73.81%, as shown in Table 17) of the respondents with 581 
high driving exposure (i.e., those who drive more than 15,000 miles per year) are less willing to 582 
use a flying car for long distance trips.  This finding can be attributed to the high driving confidence 583 
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of the specific driving population group, as well as to individuals’ expectations relating to the 584 
operation cost of flying cars.  The mixed perceptions of drivers with high driving exposure are also 585 
evident as far as the use of a flying car for entertainment- or sport-related trips is concerned.  586 
Approximately half of the respondents (51.94%, as shown in Table 9) who drive more than 20,000 587 
miles per year, are more willing to use a flying car for traveling to entertainment- or sports-related 588 
activities, while the other half of respondents (48.06%, as shown in Table 9) are less willing to use 589 
a flying car.   590 
Moving to the perceptual characteristics of individuals, the purchase cost constitutes a 591 
significant determinant of individuals’ willingness to pay.  Specifically, respondents who are 592 
generally concerned about the purchase cost of flying cars compared to the cost of the conventional 593 
vehicles are less willing to buy a flying car, regardless of the pricing scenario.  Similarly, 594 
respondents who believe that the introduction of the flying cars is not likely to result in lower 595 
vehicle operation cost (consisting of elements such as fuel expenses; vehicle maintenance 596 
expenses; and insurance rates) are less willing to buy a flying car (under the pricing scenarios of 597 
$200,000 and $300,000 or more) and to use a flying car for work- and education-related trips, 598 
entertainment- or sport-related trips, trips from or to the city center and evening trips.  Such 599 
findings highlight the major role of purchase and operation cost for the public adoption of flying 600 
cars, especially for population groups that are vastly concerned about the cost implications of this 601 
new transportation technology.   602 
In a similar fashion, respondents who are concerned about the safety implications of flying 603 
cars and, specifically, about the possibility of accidents on the airway, are less willing to use flying 604 
cars.  However, respondents who expect safety benefits from the flying cars considering that their 605 
introduction will result in fewer crashes on the roadway, are more willing to buy a flying car (under 606 
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the pricing scenario of $100,000) and use a flying car for various trips scenarios (trips for short-607 
term and long-term shopping activities, short-distance trips, medium-distance trips, evening trips, 608 
and night trips).  Similar findings are observed for respondents who expect more reliable travel 609 
times with the introduction of flying cars; they are more willing to use flying cars for long- and 610 
very-long-distance trips, as well as for trips throughout all time-slots of the day (morning, 611 
afternoon, evening, and night trips).  Overall, individuals who appreciate the potential safety and 612 
travel time benefits of flying cars are more likely to constitute those groups of traveling population 613 
that will likely welcome the use of flying cars upon their penetration in the traffic fleet.   614 
 In contrast, respondents concerned about the possible loss of driving joy due to the 615 
emergence of flying cars are less likely to use this transportation technology for various trip 616 
scenarios (such as, medium-, long-, and very long-distance trips, as well as evening trips).  This 617 
finding may be capturing the expectations of a driving population group that perceives the driving 618 
task not only as a means of commuting, but also as a means of recreation or entertainment.  619 
Intuitively, respondents concerned about the level of carbon emissions associated with the 620 
operation of flying cars are less likely to choose them for commuting to entertainment- or sport-621 
related activities, for long- and very-long-distance trips, as well as for trips during morning and 622 
afternoon hours.  This finding sheds light on another perceptual characteristic of individuals, 623 
associated with the environmental implications of flying cars.  The future policy considerations 624 
should account for such environmental concerns, by informing the commuting population about 625 
the possible environmental effect of flying cars operation, possibly within a comparative context 626 
including conventional vehicles, electric vehicles, as well as the forthcoming connected and 627 
autonomous vehicles.  628 
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Furthermore, respondents who are likely to relocate to an urban area (but outside the city 629 
center) after the introduction of flying cars are more willing to buy a flying car under the $100,000, 630 
$150,000, and $200,000 pricing scenarios.  This result possibly captures the expectations of some 631 
individuals that the flexible mobility provided by the flying cars will facilitate their relocation to 632 
an urban area and, at the same time, will enhance their accessibility to downtown, suburban, and 633 
rural areas.  634 
As a last point, the perceptions of respondents with regard to the security status of flying 635 
cars also affect their willingness to pay for and use flying cars.  In this context, respondents who 636 
acknowledge the effectiveness of measures aiming to enhance passengers’ security are more likely 637 
to use flying cars.  Interestingly, the use of existing Federal Aviation Administration (FAA) 638 
regulations for air traffic control increases the likelihood (by 0.151, as indicated by the pseudo-639 
elasticities in Table 12) of an individual to use a flying car for traveling to short-term shopping 640 
activities. Similarly, the establishment of an air-road police enforcement unit (with flying police 641 
cars) increases the likelihood (by 0.171, as indicated by the pseudo-elasticities in Table 10) of an 642 
individual to use a flying car for entertainment- or sport-related activities.  The establishment of 643 
no-fly zones near sensitive locations (military bases, power/energy plants, governmental buildings, 644 
major transportation hubs, etc.) is also found to increase the likelihood (by 0.455) of an individual 645 
to use a flying car for city center-related trips.  In a similar manner, the detailed profiling and 646 
background checking of flying car owners/operators is also perceived from the respondents as an 647 
effective security measure, since it is associated with higher likelihood of flying car use for long-648 
term trips as well as for trips throughout all time-slots of the day (morning, afternoon, evening and 649 
night trips).  Overall, these findings show that the perceptions of individuals towards the 650 
effectiveness of security measures are highly associated with their willingness to use the flying 651 
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cars for various trip scenarios, highlighting, thus, the critical role of security in their decision-652 
making mechanism.  Such information is particularly important for policymakers and legislative 653 
entities, who may address the nuances of passengers’ security concerns through an integrated 654 
policy framework that will include some of the aforementioned (or similar) security measures. 655 
 656 
5. CONCLUSIONS 657 
In an era where automation tends to be deployed across all ground mobility systems, the 658 
emergence of flying cars expands the fully- or semi-automated transportation operation in two 659 
spatial dimensions: on the ground and in the air.  Even though the first flying cars are anticipated 660 
to be commercially available over the next few years, the travelers’ perceptions and expectations 661 
towards the adoption of flying cars remain unknown.  This study provides a preliminary 662 
exploratory empirical investigation of individuals’ expectations, by examining two fundamental 663 
components that will potentially determine the future demand for flying cars: willingness to pay 664 
for flying cars under various pricing scenarios, and willingness to use flying cars for various trip 665 
scenarios relating to the trip purpose, distance, and time-of-the-day.   666 
To gain insights with regard to travelers’ expectations and attitudes toward this emerging 667 
technology, an online survey was conducted, in which socio-demographic, behavioral and 668 
attitudinal data from 692 individuals were collected.  To identify the factors that determine 669 
respondents’ willingness to pay for and willingness to use flying cars, grouped random parameters 670 
bivariate probit models were estimated.  The latter allowed the joint modeling of either 671 
willingness-to-pay or willingness-to-use scenarios that encounter commonly shared unobserved 672 
effects arising from respondents’ systematic perceptual patterns.  Furthermore, through the use of 673 
grouped random parameters, possible misspecification issues were addressed, such as, unobserved 674 
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heterogeneity (i.e., the effect of unobserved characteristics varying systematical across 675 
observational units), unbalanced panel effects (stemming from the possible presence of systematic 676 
variations among the multiple survey responses), and cross-equation error term correlation 677 
(stemming from similar or same unobserved variations among sub-groups of willingness-to-pay 678 
and willingness-to-use scenarios).  It should be noted that the presence of these misspecification 679 
issues is primarily due to the limited awareness and mixed perceptions of individuals about such a 680 
revolutionary transportation technology. 681 
The results of the statistical analysis revealed that various socio-demographic 682 
characteristics (e.g., gender, age, ethnicity, marital status, level of education, and income), 683 
individual-specific behavioral and driving attributes (e.g., driving speed in different posted speed 684 
limit scenarios, reaction to traffic signal change from green to yellow, and accident history), as 685 
well as the attitudinal perspectives towards the implications of this new transportation technology, 686 
all affected the willingness to pay for and use flying cars.  A number of factors were found to have 687 
homogeneous effect on individuals’ expectations across the various willingness-to-use and 688 
willingness-to-pay scenarios.  In all, older individuals and individuals non-familiar with advanced 689 
vehicle features or driver’s assistance systems are less willing to pay for and use flying cars.  In 690 
contrast, Asians and individuals who travel a lot on an annual basis are more likely to use flying 691 
cars, regardless of the trip purpose or distance.  Higher education level is generally associated with 692 
greater interest in the adoption of flying cars, whereas individuals with low- or medium-level 693 
annual income are less interested to pay and use flying cars, reflecting, thus, their expectations for 694 
high acquisition and operation cost. In addition, the identification of mixed effects of various 695 
socio-demographic characteristics on individuals’ willingness to pay for and use flying cars 696 
demonstrates the presence of highly heterogeneous patterns among individuals’ expectations. 697 
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With regard to the attitudinal perspectives towards the possible benefits and concerns, 698 
individuals who are concerned about the purchase cost of flying cars, possible accidents on the 699 
airway, and loss of joy relating to the driving task, are all less willing to pay for and use flying 700 
cars.  Similarly, environmental and cost concerns arising from the operation of flying cars 701 
constitute also possible barriers for their adoption by the commuting population.  On the opposite 702 
end, individuals who believe that the introduction of flying cars may result in more reliable travel 703 
times and fewer crashes on the roadway are overall more interested in the use of flying cars.  The 704 
security level associated with the operation of flying cars is another important aspect in 705 
individuals’ decision-making mechanism, with the possible enforcement of security-enhancing 706 
measures augmenting their willingness to pay for and use flying cars. 707 
Despite their preliminary, exploratory, and empirical nature, the findings of this study 708 
suggest that policymakers, manufacturing companies and legislative entities may focus on the 709 
development of a policy framework that will shed more light on three fundamental dimensions of 710 
flying cars operation: cost, safety, and security.  In the context of urban air mobility, various 711 
manufacturing companies and service providers have already started developing pilot policy 712 
schemes for the deployment of flying taxis and shared flying car services (Thipphavong et al., 713 
2018; Blau, 2020).  As the policy and regulatory concepts continue to unfold, future research 714 
endeavors should unveil the human or operation-related factors that will determine public 715 
willingness to pay for and use on-demand shared mobility services based on flying cars. 716 
 The revolutionary capabilities of this new transportation technology do not a priori 717 
warrant its adoption by the traveling population, while the full awareness of the latter regarding 718 
the aforementioned dimensions constitutes a critical step towards the future expansion of flying 719 
cars, in terms of demand, implementation, and investments.  Even though these findings may be 720 
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subject to either individuals’ limited knowledge or their perceptions for a seemingly unknown 721 
advanced technology, what it is explicitly inferred is, that flying cars, under an appealing pricing 722 
and regulatory framework, have the potential to rapidly modify the status quo of urban mobility 723 
and daily travel patterns.   724 
 725 
6. ACKNOWLEDGEMENTS  726 
The contents of this paper reflect the views of the authors, who are responsible for the facts 727 
and the accuracy of the data presented herein.  The contents do not necessarily reflect the official 728 
views or policies of any agency, nor do the contents constitute a standard, specification, or 729 
regulation. 730 
 731 
7. CONFLICT OF INTEREST STATEMENT 732 
On behalf of all authors, the corresponding author states that there is no conflict of interest.  733 
 734 
8. AUTHORS’ CONTRIBUTIONS 735 
UE and GF: Defining the Topic, Setting-up the Method, Literature Search and Review, 736 
Survey Design, Data Preparation, Performing Analysis, and Manuscript Writing; and PCA: 737 
Defining the Topic, Setting-up the Method, Survey Design, Manuscript Writing and Editing, and 738 
Research Outreach/Correspondence.  739 
60 
 
9. REFERENCES 740 
Anastasopoulos, P.Ch., Mannering, F.L., 2016. The effect of speed limits on drivers’ choice of 741 
speed: A random parameters seemingly unrelated equations approach. Analytic Methods in 742 
Accident Research, 10, 1-11. 743 
Anastasopoulos, P.Ch. 2016. Random parameters multivariate tobit and zero-inflated count data 744 
models: Addressing unobserved and zero-state heterogeneity in accident injury-severity rate 745 
and frequency analysis. Analytic Methods in Accident Research, 11, 17-32. 746 
Anastasopoulos, P.Ch., Fountas, G., Sarwar, M.T., Karlaftis, M.G., Sadek, A.W., 2017. Transport 747 
habits of travelers using new energy type modes: a random parameters hazard-based approach 748 
of travel distance. Transportation Research Part C: Emerging Technologies, 77, .516-528. 749 
Astroza, S., Garikapati, V.M., Bhat, C.R., Pendyala, R.M., Lavieri, P.S., Dias, F.F., 2017. Analysis 750 
of the Impact of Technology Use on Multimodality and Activity Travel 751 
Characteristics. Transportation Research Record: Journal of the Transportation Research 752 
Board, 2666, 19-28. 753 
Bansal, P., Kockelman, K.M., Singh, A., 2016. Assessing public opinions of and interest in new 754 
vehicle technologies: An Austin perspective. Transportation Research Part C: Emerging 755 
Technologies, 67, 1-14. 756 
Becker, E.P., 2017. The future of flying is near. Tribology and Lubrication Technology, 73(8), 96. 757 
Benedyk, I., Peeta, S., 2018. A binary probit model to analyze freight transportation decision-758 
maker perspectives for container shipping on the Northern Sea Route. Maritime Economics & 759 
Logistics, 20(3), 358-374. 760 
61 
 
Bhat, C., 2003. Simulation estimation of mixed discrete choice models using randomized and 761 
scrambled Halton sequences. Transportation Research Part B, 37(1), 837-855. 762 
Blau, J., 2020. Air Taxis Ready for Takeoff. Research-Technology Management, 63(1), 2. 763 
Cacan, M.R., Ward, M.B., Scheuermann, E., Costello, M., 2015. Human-In-The-Loop Control of 764 
Guided Airdrop Systems. In Press, Aerospace Science and Technology. 765 
Dai, X., Quan, Q., Ren, J. and Cai, K.Y., 2018. Iterative Learning Control and Initial Value 766 
Estimation for Probe-Drogue Autonomous Aerial Refueling of UAVs. In Press, Aerospace 767 
Science and Technology. 768 
Dias, F.F., Lavieri, P.S., Garikapati, V.M., Astroza, S., Pendyala, R.M., Bhat, C.R., 2017. A 769 
behavioral choice model of the use of car-sharing and ride-sourcing 770 
services. Transportation, 44(6), 1307-1323. 771 
Egbue, O., Long, S., 2012. Barriers to widespread adoption of electric vehicles: An analysis of 772 
consumer attitudes and perceptions. Energy policy, 48, 717-729. 773 
Eker, U., Ahmed, S.S., Fountas, G., Anastasopoulos, P.Ch., 2019. An exploratory investigation of 774 
public perceptions towards safety and security from the future use of flying cars in the United 775 
States. Analytic methods in accident research, 23, 100103. 776 
Eker, U., Fountas, G., Anastasopoulos, P.Ch., Still, S.E., 2020. An exploratory investigation of 777 
public perceptions towards key benefits and concerns from the future use of flying cars. Travel 778 
Behaviour and Society, 19, 54-66. 779 
62 
 
Fabiani, P., Fuertes, V., Piquereau, A., Mampey, R., Teichteil-Königsbuch, F., 2007. Autonomous 780 
flight and navigation of VTOL UAVs: from autonomy demonstrations to out-of-sight 781 
flights. Aerospace Science and Technology, 11(2-3), 183-193. 782 
Fagnant, D.J., Kockelman, K.M., 2018. Dynamic ride-sharing and fleet sizing for a system of 783 
shared autonomous vehicles in Austin, Texas. Transportation, 45(1), 143-158. 784 
Fountas, G., Anastasopoulos, P.Ch., 2017. A random thresholds random parameters hierarchical 785 
ordered probit analysis of highway accident injury-severities. Analytic Methods in Accident 786 
Research, 15, 1-16. 787 
Fountas, G., Sarwar, M. T., Anastasopoulos, P.Ch., Blatt, A., Majka, K., 2018a. Analysis of 788 
stationary and dynamic factors affecting highway accident occurrence: A dynamic correlated 789 
random parameters binary logit approach. Accident Analysis and Prevention, 113, 330-340. 790 
Fountas, G., Anastasopoulos, P.Ch., Mannering, F.L., 2018b. Analysis of vehicle accident-injury 791 
severities: A comparison of segment- versus accident-based latent class ordered probit models 792 
with class-probability functions. Analytic Methods in Accident Research, 18.  793 
Fountas, G., Anastasopoulos, P.Ch., Abdel-Aty, M, 2018c. Analysis of accident injury-severities 794 
using a correlated random parameters ordered probit approach with time variant covariates. 795 
Analytic Methods in Accident Research, 18. 796 
Fountas, G., Pantangi, S.S., Hulme, K.F., Anastasopoulos, P.Ch., 2019. The effects of driver 797 
fatigue, gender, and distracted driving on perceived and observed aggressive driving behavior: 798 
a correlated grouped random parameters bivariate probit approach. Analytic methods in 799 
accident research, 22, 100091. 800 
63 
 
Fountas, G., Fonzone, A., Gharavi, N., Rye, T., 2020. The joint effect of weather and lighting 801 
conditions on injury severities of single-vehicle accidents. Analytic Methods in Accident 802 
Research, 100124. 803 
Goh, G.D., Agarwala, S., Goh, G.L., Dikshit, V., Sing, S.L., Yeong, W.Y., 2017. Additive 804 
manufacturing in unmanned aerial vehicles (UAVs): challenges and potential. Aerospace 805 
Science and Technology, 63, 140-151. 806 
Greene, H.W. (2017) Econometric Analysis, 8th edn, Upper Saddle River, NJ: Pearson Education 807 
International. 808 
Guo, Y., Wang, J., Peeta, S., Anastasopoulos, P.Ch., 2018. Impacts of internal migration, 809 
household registration system, and family planning policy on travel mode choice in China. 810 
Travel Behaviour and Society, 13, 128-143. 811 
Guo, Y., Wang, J., Peeta, S., Anastasopoulos, P.Ch., 2020. Personal and societal impacts of 812 
motorcycle ban policy on motorcyclists’ home-to-work morning commute in China. Travel 813 
Behaviour and Society, 19, 137-150. 814 
Guo, Y., Peeta, S., 2020. Impacts of personalized accessibility information on residential location 815 
choice and travel behavior. Travel Behaviour and Society, 19, 99-111. 816 
Halton, J., 1960. On the efficiency of certain quasi-random sequences of points in evaluating multi-817 
dimensional integrals. Numerische Mathematik, 2, 84-90. 818 
Hu, C., Zhang, Z., Yang, N., Shin, H.S., Tsourdos, A., 2018. Fuzzy multiobjective cooperative 819 
surveillance of multiple UAVs based on distributed predictive control for unknown ground 820 
moving target in urban environment. In Press,  Aerospace Science and Technology. 821 
64 
 
Jia, Z., Yu, J., Ai, X., Xu, X., Yang, D., 2018. Cooperative multiple task assignment problem with 822 
stochastic velocities and time windows for heterogeneous unmanned aerial vehicles using a 823 
genetic algorithm. Aerospace Science and Technology, 76, 112-125. 824 
Kontogiannis, S.G., Ekaterinaris, J.A., 2013. Design, performance evaluation and optimization of 825 
a UAV. Aerospace Science and Technology, 29(1), 339-350. 826 
Kopp, J., Gerike, R., Axhausen, K.W., 2015. Do sharing people behave differently? An empirical 827 
evaluation of the distinctive mobility patterns of free-floating car-sharing 828 
members. Transportation, 42(3), 449-469. 829 
Kyriakidis, M., Happee, R., de Winter, J.C., 2015. Public opinion on automated driving: Results 830 
of an international questionnaire among 5000 respondents. Transportation research part F: 831 
traffic psychology and behaviour, 32, 127-140. 832 
Liu, Y., Wang, H., Su, Z., Fan, J., 2018. Deep learning based trajectory optimization for UAV 833 
aerial refueling docking under bow wave. Aerospace Science and Technology, 80, 392-402. 834 
Mannering, F.L., Shankar, V., Bhat, C.R., 2016. Unobserved heterogeneity and the statistical 835 
analysis of highway accident data. Analytic Methods in Accident Research, 11, 1-16. 836 
Mir, I., Maqsood, A., Eisa, S.A., Taha, H., Akhtar, S., 2018. Optimal morphing–augmented 837 
dynamic soaring maneuvers for unmanned air vehicle capable of span and sweep 838 
morphologies. Aerospace Science and Technology, 79, 17-36. 839 




NASA., 2018a. NASA, Uber to Explore Safety, Efficiency of Future Urban Airspace. Available 842 
at: https://www.nasa.gov/press-release/nasa-uber-to-exploresafety-efficiency-of-future-843 
urban-airspace. 844 
NASA., 2018b. Taking Air Travel to the Streets, or Just Above Them. Available at: 845 
https://www.nasa.gov/aero/taking-air-travel-to-the-streets-or-just-abovethem. 846 
Oh, H., Kim, S., 2018. Persistent standoff tracking guidance using constrained particle filter for 847 
multiple UAVs. In Press, Aerospace Science and Technology. 848 
Oppitz, M., Tomsu, P., 2018. Future Technologies of the Cloud Century. In Inventing the Cloud 849 
Century , 511-545. Springer, Cham. 850 
Paleti, R., Balan, L., 2017. Misclassification in travel surveys and implications to choice modeling: 851 
application to household auto ownership decisions. Transportation, 1-19. 852 
Palm, M., Handy, S., 2018. Sustainable transportation at the ballot box: a disaggregate analysis of 853 
the relative importance of user travel mode, attitudes and self-interest. Transportation, 45(1), 854 
121-141. 855 
Panagiotou, P., Kaparos, P., Salpingidou, C., Yakinthos, K., 2016. Aerodynamic design of a 856 
MALE UAV. Aerospace Science and Technology, 50, 127-138. 857 
Pantangi, S.S., Fountas, G., Sarwar, M.T., Anastasopoulos, P.Ch., Blatt, A., Majka, K., Pierowicz, 858 
J., Mohan, S.B., 2019. A preliminary investigation of the effectiveness of high visibility 859 
enforcement programs using naturalistic driving study data: a grouped random parameters 860 
approach. Analytic methods in accident research, 21, 1-12. 861 
66 
 
Puente, R., Corral, R., Parra, J., 2018. Comparison between aerodynamic designs obtained by 862 
human driven and automatic procedures. Aerospace Science and Technology, 72, 443-454. 863 
Radmanesh, M., Kumar, M., Sarim, M., 2018. Grey Wolf optimization based sense and avoid 864 
algorithm in a Bayesian framework for multiple UAV path planning in an uncertain 865 
environment. Aerospace Science and Technology, 77, 168-179. 866 
Ramasamy, S., Sabatini, R., Gardi, A., Liu, J., 2016. LIDAR obstacle warning and avoidance 867 
system for unmanned aerial vehicle sense-and-avoid. Aerospace Science and Technology, 55, 868 
344-358. 869 
Russo, B.J., Savolainen, P.T., Schneider, W.H., Anastasopoulos, P.Ch., 2014. Comparison of 870 
factors affecting injury severity in angle collisions by fault status using a random parameters 871 
bivariate ordered probit model. Analytic Methods in Accident Research, 2, 21-29. 872 
Saderla, S., Kim, Y., Ghosh, A.K., 2018. Online system identification of mini cropped delta UAVs 873 
using flight test methods. Aerospace Science and Technology, 80, 337-353. 874 
Sarwar, M.T., Anastasopoulos, P.Ch., Golshani, N., Hulme, K.F., 2017a.  Grouped random 875 
parameters bivariate probit analysis of perceived and observed aggressive driving behavior: a 876 
driving simulation study.  Analytic Methods in Accident Research, 13, 52–64. 877 
Sarwar, M.T., Fountas, G., Anastasopoulos, P.Ch., 2017b. Simultaneous estimation of discrete 878 
outcome and continuous dependent variable equations: A bivariate random effects modeling 879 
approach with unrestricted instruments. Analytic Methods in Accident Research, 16, 23-34. 880 
67 
 
Sarwar, M.T., Anastasopoulos, P.Ch., Ukkusuri, S.V., Murray-Tuite, P., Mannering, F.L., 2018. 881 
A statistical analysis of the dynamics of household hurricane-evacuation 882 
decisions. Transportation, 45(1), 51-70. 883 
Sazdovski, V., Kitanov, A., Petrovic, I., 2015. Implicit observation model for vision aided inertial 884 
navigation of aerial vehicles using single camera vector observations. Aerospace science and 885 
technology, 40, 33-46. 886 
Semega, J.L., Fontenot, K.R., Kollar, M.A., 2017. Income and poverty in the United States: 887 
2016. Current Population Reports, 10-11. 888 
Shaheen, S., Cohen, A., Roberts, J., 2006. Carsharing in North America: Market growth, current 889 
developments, and future potential. Transportation Research Record: Journal of the 890 
Transportation Research Board, 1986, 116-124. 891 
Shin, J., Bhat, C.R., You, D., Garikapati, V.M., Pendyala, R.M., 2015. Consumer preferences and 892 
willingness to pay for advanced vehicle technology options and fuel types. Transportation 893 
Research Part C: Emerging Technologies, 60, 511-524. 894 
Siebenmark, J., 2019. Uber Elevate Summit lays out 2023 flight plan. Aviation International News.  895 
Sudirja, Adhitya, M., 2018. Flying-cars body manufacturing using spraying elastic waterproof and 896 
water-absorbing frame fabric method. In AIP Conference Proceedings (Vol. 2008, No. 1, p. 897 
020007). AIP Publishing. 898 
Thipphavong, D.P., Apaza, R., Barmore, B., Battiste, V., Burian, B., Dao, Q., Feary, M., Go, S., 899 
Goodrich, K.H., Homola, J., Idris, H.R., 2018. Urban air mobility airspace integration concepts 900 
and considerations. In 2018 Aviation Technology, Integration, and Operations 901 
Conference (3676). 902 
68 
 
Tilley, S., Houston, D., 2016. The gender turnaround: Young women now travelling more than 903 
young men. Journal of Transport Geography, 54, 349-358. 904 
Tischer, V., Fountas, G., Polette, M., Rye, T., 2019. Environmental and economic assessment of 905 
traffic-related air pollution using aggregate spatial information: A case study of Balneário 906 
Camboriú, Brazil. Journal of Transport & Health, 14, 100592. 907 
Train, K. Discrete choice methods with simulation. Cambridge University Press, Cambridge, UK, 908 
2003.   909 
Trancossi, M., Hussain, M., Shivesh, S., Pascoa, J., 2017. A new VTOL propelled wing for flying 910 
cars: critical bibliographic analysis (No. 2017-01-2144). SAE Technical Paper. 911 
Tyan, M., Van Nguyen, N., Kim, S., Lee, J.W., 2017. Comprehensive preliminary sizing/resizing 912 
method for a fixed wing–VTOL electric UAV. Aerospace Science and Technology, 71, 30-41. 913 
Uber Elevate, 2016. Fast-forwarding to a future of on-demand urban air transportation. White 914 
paper. Available at: https://www.uber.com/elevate.pdf 915 
Unmanned Airspace, 2018. Urban air mobility takes off in 64 towns and cities worldwide. 916 
Available at: https://www.unmannedairspace.info/urban-airmobility/urban-air-mobility-takes-917 
off-63-towns-cities-worldwide/. 918 
Vascik, P.D., Hansman, R.J., Dunn, N.S., 2018. Analysis of urban air mobility operational 919 
constraints. Journal of Air Transportation, 26(4), 133-146. 920 
Washington, S., Karlaftis, M., Mannering, F.L., 2011.  Statistical and Econometric Methods for 921 
Transportation Data Analysis.  Chapman and Hall/CRC, Boca Raton. 922 
Wendel, J., Meister, O., Schlaile, C., Trommer, G.F., 2006. An integrated GPS/MEMS-IMU 923 




Wu, W., Wang, X., Cui, N., 2018. Fast and coupled solution for cooperative mission planning of 926 
multiple heterogeneous unmanned aerial vehicles. Aerospace Science and Technology, 79, 927 
131-144. 928 
Wu, Z., Sharma, A., Mannering, F.L., Wang, S., 2013.  Safety impacts of signal-warning flashers 929 
and speed control at high-speed signalized intersections.  Accident Analysis and Prevention 930 
54, 90–98. 931 
Yu, C., Cai, J., Chen, Q., 2017. Multi-resolution visual fiducial and assistant navigation system for 932 
unmanned aerial vehicle landing. Aerospace Science and Technology, 67, 249-256. 933 
Zhu, X., Yang, X., Guo, Y., 2017. Exploring the relationship between heterogeneity of vehicle 934 
distribution and the macroscopic fundamental diagram under segment disruption conditions. 935 
Procedia Computer Science, 109, 600-607. 936 
